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Information about the Memory Test Computer and its use is "being 
compiled in the f onn of a loose-leaf "binder to "be called the MTC Service 
Manual o When complete, this manual "will contain all the information nec- 
essary to the operation and maintenance of the Memory Test Computer- 

As stated in the Foreword of this manual a loose-leaf and 
highly-sectionalized format was chosen to simplify revisions and thus 
help ensure up-to-date information* An additional advantage, gained by 
this format is that individual sections or subsections may be issued as 
soon as they are ready without waiting for the entire manual to be com- 
pletedo 

Copies of completed sub -sections will be distributed to all 
MTC personnel and to any other interested personnel. The effective date 
for the Information on any page appears in the upper left corner of/ 
that page.. If "private" files or manuals are kept the individual sub- 
sections should always be checked as being up-to-date before they are 
used. Such checks may be made by consulting the MTC Office, 3-155°^ 
by consulting one of the official copies as listed in the Foreword to 
the manualo In special cases one of the two MTC Office copies may be 
signed out for short periods to aid in such checks o 

j A supply of individual sub-section copies will be maintained 
in the MTC Office, B-155o These are available on request for study pur- 
poses or for use in submitting corrections, additions, and general com- 
ments concerning the MTC Service Manualo Under no circumstances may 
changes be made in official copies except when done by the MTC Office o 
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10-28-57 

MTC SERVICE MANUAL 

INTRODUCTION 

The MTC Service Manual is intended to satisfy the need for 
quick access to information about the Memory Test Computer and its 
useo Though written primarily as a reference text it should be quite 
helpful to those wishing to learn the computer systenio To this end 
it has been organized into a logical progression from simple operating 
instructions in the first section, through detailed equipment des- 
cription in the central section, to advanced design ideas in the final 
section » Information included in this manual is intended specifically 
for the Memory Test Computer; more general information may be found in 
publications listed in the individual section bibliographies » 

It seems desirable at this point to reassure the casual reader 
about the task of learning the Memory Test Computer and its use. This 
isn't quite the formidable task that the size of this manual might 
imply o The detailed information presented here represents the com- 
bined efforts and knowledge of a number of persons no one of whom pro- 
fesses to know all areas in detail. In fact, one of the primary reasons 
for this manual is that of relieving the individual of the necessity to 
learn the entire computer in complete detail. The reader is advised 
to concentrate on acquiring basic principles while leaving details for 
future references to the manual. In this manner he will soon acquire 
sufficient knowledge of the computer for day-to-day needs wh^Lle also 
acquiring the knowledge of where to find' ifche details when required. 

Present day digital computers represent a very real achieve- 
ment in the electronic art. Anyone who has serviced radio, television, 
or radar can appreciate the operation and maintenance problems associated 
with a system containing thousands of vacuiam tube circuits. To add 
further complications - beyond increased complexity - computer circuitry 
demands reliability far beyond that previously required of electronic 
circuits. For example, the basic 2MC Pulse Repetition Frequency (PRF) 
used in MTC is roughly equivalent to the carrier frequency of the standard 
broadcast band for commerical radio. Considerable noise and static can 
be tolerated in radio broadcasts; MTC requires every pulse to perform 
correctly. Only through very oareful and well coordinated design, main- 
tenance, and operating procedures has the necessary high degree of 
reliability been achieved. 

Extreme attention to detail extends beyond the physical equip- 
ment to documentation, scheduling of time, preparing of tapes and IBM 
cards, and other incidentals of this nature. It is to assist in these 
areas that Section 3^ Records and Procedures, has been included. 

The Service Manual consists of three major parts, each having 
a specific aim. The first part is made up of the first three sections 
and portions of Sections 4 and 5« This part of the manual is intended 



10-28-57 Page 2 



for those persons who program and use the computer but do not need 
"troubleshooting" knowledge of the physical equipment o 

Except for Sections 30 and 31, the remaining sections are 
devoted to detailed descriptions of the computer and its external 
devices plus certain programs of special interest to the MTC Section., 
This part is intended primaxily as reference material for technicians 
and engineers directly concerned with the troubleshooting and main- 
tenance of the existing equipment « 

On the other hand, Sections 30 and 31 are devoted to developing 
better methods and techniques in the computer arto In some cases 
material presented here applies to new design work rather than to 
existing equipment* 

Quarterly area assignments for MTC technicians are based on 
some sections of this manual. Lists of general type questions have 
been prepared to determine how well the section assigned has been 
learnedo These lists have been included with the appropriate sections 
for other readers who may wish to check their own progress* 

In a compilation of this magnitude there are boxmd to be 
numerous errors in spelling, grammar, and factual material o Also, in 
the ever-changing environment of MTC portions of material originally 
correct become obsolete and need to be replacedo Maximum value of the 
Service Manual will be realized only if such errors are corrected as 
quickly as possible o Readers are requested to assist in making these 
corrections by reporting immediately any errors they detect o All errors 
should be reported to the MTC office, B-155^ under no circumstances 
should corrections be made directly in official copies of the MTC 
Service Manual o 

No doubt there are also omissions - imintentional - of material 
that woiold be of considerable use to the MTC Section and to users of the 
computero Increased use of this manual will help to point out these 
omissions o Suggestions for additions and improvements to the manual are 
always welcome o Please call them to the attention of the MTC office* 
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Service Manual^ Section 1 
OPERATING THE MEMORY TEST COMPUTER 



a. Power and Air Conditioning 

Td. Panel Memory 

c» Alarm Suppression 

do Pushbutton Controls 

e» Photoelectric Tape Readers 

to The Soroban Punch and The Flexowriter 

go IBM Card Machines 

h» Magnetic Tapes 

i. Special Video Switches 

j. Display, Light Gun, and Camera 

k. Audio Equipment 

1. TV Input 

m. Marginal Checking 
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POWER 



Power for MTC is obtained from transformers at the end of 
Building B Basement and is distributed through the breakers in the wall 
just outside room B-0^4o The breakers are labelled "KTC% B-15^" and 
"MTCs Alternator Power" o 

There are three broad classes of power used in MTCs 

Computer Room AoCo is used to heat the vacuum tube 
filaments and operate blowers and the drum motor in 
the computer room, B-15^o Although it is drawn through 
the breakers in the hall opposite B'-051^ it is usually 
controlled through the main breaker in the distribu- 
tion box to the right of the duty technician's desk in 
the computer room (B-15^)o 

Power Supply AoCo is used to heat filaments in the 
power supply room B-05I; if the breakers in the hall 
and B-051 are on^ this AoCo can be controlled by push- 
buttons on the MTC console or in the frame to the left 
of the distribution box in the power supply roomo 

The above two classes of power are sometimes lumped 
under the term "Filament Power" 

D°C°, sometimes 'called "Plate Power", is used to keep 
the electrodes of the vacuum tubes at their proper 
potentials and to provide the power from which the MTC 
pulse signals are shapedo The various voltages are 
obtained by carefully rectifying, filtering, and vol- 
tage-regulating AoCo obtained through the breakers in 
the basement hall and those in the power supply room 
AoCo distribution panel o If both these sets of breakers 
are on, plate power may be . controlled by pushbuttons on 
the MTC console and in the frame to the left of the dis- 
tribution box in the power supply room B-O5I0 Circuitry 
for the production and control of most DoCo is located 
in the power supply roomi however, supplies delivering 
-7KV and -f3KV to the display system are located upstairs, 
in the T-frame to the right of the camera oscilloscopeo 

Power ,Qn is the state of the computer in which all three classes 
of power are appliedo It may be reached from Standby by pushing the 
"Power On" button ©n the MTC console^ after a five-second warning signal 
from the buzzer, the various Bo Co supplies come on in sequence 

^^ Standby state has two defining characteristics s 

Both computer room AoCo and power supply AoCo are on, 
and all filaments warm; and Do Co is off but imy be 
turned on at any time; that is, any fuse alarm or 
tripped sensitrol has been reset. 

It is the state into which the machine is conmionly put f^r. ser- 
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vicing and may be reached frpm the Power On state by pushing either the 
"Standby" button on the console or the o^e in the power room. The 
significance of the term "Stpndby" is that the computer, while inopera- 
tive, is all warmed up and can be. put into operation quickly by turning 
on DoC. with the "Power On" |?utton on the Qonsoleo Ihere are pilot 
lights on the console to indicatft the Power On and Standby states; each 
is located near the appropriate pushbutton » 

Console Power Control Panel : 

Near the "Standby" and "Power On" buttons on the power supply 
control panel of the MIC console is a "Power Off " button; this removes 
power supply A.Co but not computer roomAoC. To. regain power supply 
AoCo one must push "Standby" o An automatic two-minute wait is allowed 
for the power supplies to warm up before the Standby state is reached, 
and the "Standby" light comes ouo To the left of "Power Off" is "Reset", 
which must be pushed wlj^en power has. been shut of f by a Sensitrol (see 
below) o There are five pilot lights labelled with various voltages 
from the powey supply; their order, from left to right, is that in 
which the various DoC. supplies are turned on by the control, circuitry. 
The "Fuse Out':, "Alternatpi?' Pover", and "Emerge^jcy A.C" pilot© are i|^- 
operativeo Of the two pilgtss labelled "Filaments: the upper oi|e buri:^^ 
when computer room filaments are on, while the lower one indicates that 
filameiiis iji the power supply room are ono The large red pushbutton 
labelled "Emei|»gency Off" op^ns the main breakers in the basement hall 
opposite the :^ower supply room, hence turns off slU. power. It should 
be used only |n case of eittejirgency such as fire pr imminent electrocu- 
tion of persoijnelo The small circuit breaker bfelbw the "Emergency Off" 
button interrupts power to the relay circuitry cohtrolling the power 
supplies o Th^ "Emergency Off", "Power Off", "Standby", and "Reset" 
button^ are duplicated on tie. panel to the. left of the breaker panel in 
the power supply room. 

Automatic Shutoff: 



Two occurrences, both automatic, may turn DoC » off« The first 
of these is caused by tlie Sensitrolso These deifices monitor output 
voltages of the Do Co sujpplies, and if one should deviate +5 ^ from 
the specified value, all Do Co will be turned off automatically » A 
light on the panel will ; indicate which ppwer supply yoltage was at 
fault and whether it was high or IpWo After th^ cause of the fail- 
ure has been removed, pushing the "Reset" buttoiiL on the power supply 
control panel will restpre the computer to thei -'Standby" stateo 

The second occurrence which may cause Do Co to be lost is the 
blowing of a fuseo Most MTC fuses are located on Power Distribution 
Panels (PDP'S) and a^e of . the "grasshopper" type » When, such a fuse 
blows, the melting wire releases a spring contact which touches a 
bus on the fuse mounting blocks This action completes a circuit 
which tiims off all Do Co supplies and sets off the Fuse Alarm; the 
fuse alarm light on the control console comes on, and the affected 
PDP is marked by a light to indicate where one should look for the 
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blomi fuseo After the fuse has been replaced, the "Reset" button on the 
PDP must be pushed to get the light out and return the computer to the 
Standby condition, from which it can be turned on again* Since a blown 
fuse which fails to set off the fuse alarm results in one of the most 
subtle of all ailments to trouble shoot, care should be exercised in re- 
placing fuses to get them installed properly. 

Failure of either power supply or computer room AoCo will dump 
DoCo (see Interlocks ) c 

Interlocks; 

To protect circuits, MTC is wired so that the roltages must be 
applied in a certain order*. To begin with, the breakers in the basement 
hall outside B-05I must be on before anything will work. Then the main 
breaker in the power siipply room B-05I should be closed. Thereafter 
the small breaker on the IW console will txim on power for the indica- 
tor lights, and for the relays controlling the power supply. At this 
point the "Normal A. Co" and "Power Off" lights should be on. Computer 
AoCo can now be turned on with the breaker to the right of the duty 
technician's desk, and Power Supply AoGo by pressing Standby . The logic 
of the circuitry is as follows s 

lo JShe Standby light will not come on until all three of the 
following are satisfied; 

a. Power Supply AoCo has been on for at least two 

minutes, 
bo Computer Room AoC. is on. 
Co If a fuse has blown or a sensitrol tripped, it 

has been reset. 

2o D.Co cannot be turned on unless both of the following are 
satisfied; 

a. The Standby light is on. 

bo Computer room filaments hare been on for at least 
15 seconds. 

Although Computer Room AoC. and Power Supply A.C . are indepen- 
dent, failure of either will turn off D.C. 

The kiloYOlt supplies for the oscilloscopes may be brought to 
Standby without bringing the whole computer to this state by means of the 
power switches on the supplies; however, they will not go on unless their 
switches are turned to on and the +90 volt supply is on to the rest of 
the computer. These supplies are connected to computer room A.C. 
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Normal Tum-Off ; 

lo Push "Standby" o All D^Co power supplies should go off, 
and "Standby" light. should be on* 

2o Push "Power Off"o All lights should be out except "Power 
Off" light, the "Normal A,Co".light, and the upper "Filaments" light. 

3o Turn off the main breaker to the right of the Technician's 
desko The upper filament light should be out. 

4o Turn off control power breaker on MTG console. All con- 
sole lights should be off. 

5. If work is to be done on the power supplies, turn off the 
main breaker in the power supply room. 



It is not necessary to turn off the main breakers in the hall. 
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Normal Turn-On: 



lo See that the :^9llowing breakers are on: 

a.) Two in the basement hall outside the power supply- 
room* 

b.) One in the power supply room in the A.C. distribu- 
tion panel. 

c.) !Ehe small control power breaker on the console. 

d.) One main and 12 subsidiary breakers in the panels 
. to the right of the Technician's desk in the compu- 
ter room. 

The "Power Off" and "Normal A.G." lights on the console 
bum. when breakers b.) and c.) are on. 

The upper "Filaments" pilot, and the computer room fila- 
ments come on when breakers d. ) are on. 

2« Push "Standby". The lower "Filaments" light should come 
on. The "Standby" light should come on after a two rminute wait. 

3. Push "Power On". After a 5-second signal from the warn- 
ing bu^iier the five power supply indicators should come on in sequence 
dur4,ng abput a 3-second interval. The "Standby" light goes off. 
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AIR COKDITIONING 

MTC makes use of components that are sensitive to heat and 
moisture in the air; in addition, cards and magnetic tape stored in the 
computer room may "be damaged by moisture « Hence it is necessary that 
both the computer room and the power supplies "be air conditioned to pro- 
Tide adequate cooling and rentilation, and to control relative humidity. 
To give an estimate of the magnitude of this task, it may be stated 
that during an air conditioning failure on a summer day the machine orer- 
heated within 15 minutes and had to be shut down- 

MTC personnel should nerer make any adjustments of thd air 
conditioning systemo In the erent of emergency, or- to report need of 
routine service, call t 

DiiTing working hours Frank Mulholland B-Oin X460 

^ night and on weekends Main guard dddk ia i^lding A X397 

The guards can locate liulhollEoii or t^e ziiettiber of hiil crew on 
dutyo See discussion below, under What to d5 AlaoUt Alarms. 



In B-150 there is a large box called oh "air handler*- with 
cooling coils, heating coils, 8Ln4 a blower- The exhaust from the blower 
is carried through ducts to various parts of the computer wherb it can 
be tirected by means of louvers to areas which need it mosto (the air 
then returns to B-15O through filters in the computer room t^all, to be 
rechillei, mixe4 with fresh air from outside, an4 recirculated^ The 
equipment in the power room (B-051) is similar to that in B-I5O except 
that it has no heating coils since heating of tHe power room ifi never 
necessary o Cooling is provided by water chilled at the power house and 
supplied to MTC at a temperature of about ^5 degrees* Heating coils 
haildle steam from the same soxirce; heat is normally requiredi. ohly in 
very cold weather or on humid days when air must be chilled below the 
dew point to dry it and then rewarmed to the proper duct tempeirature. 

Controls s 



The steam and chilled water are controlled pneumatically by 

temperature- and .huMdity^sensihg:elementa on 'the con^uterroom^t^ 
the left of the T-frameo With these sensors are some pressure gauges, 
and, to the left, an SLLarm panel. There are two sensors in the power 
room to the right of the doors; a pneumatic thenaostat for controlling 
the cold water supply, and a "Differential Pressuretrol" which sets off 
the Water Presstire alarm if the pumps forcing chilled water to circulate 
through the cooling coils should fsdlo Admission of outside air is con- 
trolled- by a damper in the wiijdow of B-15O whic|i is shut electrically 
when the room becomes so cold as to endanger the cooling coils ttom 
freezeupo On the wall by the window there is a switch controllihg the 
damper motoro When it is in the "up" position the damper is hontially 
open, but under automatic control as described; when it is "down" the 
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dampelt should be clobed* The damper is open when the rotating arm on 
the motor shaft points away from the window/ and is closed when the arm 
points toward the window » 

Although no one connected with MTC needs to tamper with the 
air conditioning system, the following description of switches, gauges, 
and alarms is given to aid in Judging whether it is working properly. 






A. In B-150 

1. Room lights; on the air handler Just to the left 
of the door as you enter. 

2. Vater pun^) motor: on masonite wall to the right, 
\ Just above the pump. There is an Allen-Bradley 

circuit breaker and an On-Off motor control switch, 
with a 3-pliase fuse box and master switch directly 
above. The fuse box cannot be opened unless the 
master switch is off . ,, 

3. Blower motors on the tile Wfiill to the left> beyond 
the air handler. There is a Sqiiare-p circuit breaker 
and motor control switch, with a ,3-pjiaBe box and a 
master switch directly above. The fuse box ceuanot 

be opened unless the master switch is Off . 

4. Outside air damper; toggle switch on the Masonite 
wall to the righi of the windbV. When it is "up" 

7 the damper iis normally open arid under automatic 

control; when it is down the danqper should be closed. 

B. In B-051 

1. Room lights; On cinder block wall to the left of 
the door. ■ 

2. Vater PU115) motor: On wall beljind air handler 

r rjijjQ2,Q ^Q an Alien-Bradley citqtdt breaker euid niot or 
control switch, with a fuse box directly above. 
3« Blower motor; On back of ait handler, Tliere is a 
Cutler-Hammer circuit breaker and motor control 
switch, with a fuse box and master switch below. 

All these switches should be left on at all times. If trouble 
in the air conditioning is suspected, these switches should be checked. 
If it is recommended by the air conditioning crew, operatiot^ of MTG may 
be attempted with one or more of these switciies off w|iile maintenance of 
the air conditioning is in progress. In this case a brief explanation 
should be entered on the "Live Messages" boar<i. 

II f: Gauges ; 

A. In B-150 (similar gauges perform corresponding functions 
.in B-051) 

1. Chilled water temperature at input to cooling coils. 
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Should be about k3 degrees FeJironheit. 
2o Chilled water temperature at outlet of cooling j coils. 

Should be about ■ 53 ' degrees Fahrenheit o 
3o Chilled water at pump input. 

Should r^ad the same &s 1, about if5 degrees 

Fahrenheit. 
(Gauges 1, 2, and 3 are ordinary capillary thermometers set 
into the pipes.) 

k. Chilled water pressure at circulating pump input. 

Variable, but should be around 60 pounds per 

square inch, gauge. 
5« Chilled water pressure at circulating pump output. 

Should be about k pounds per square inch above 

input. 

6. Air pressure in building supply. 

Should be about 30 pounds per square inch gauge. 

7. Control air pressure g^t output of reducing valve. 

Should be 15 .pounds per sqioare inch gauge.' 
(Gauges k through 7 are ordinary Bourdon gauges.) 

B. On Sensor panel in B-15^ 

1° Branch Pressure . This is the output of the humidity 
sensor, and varies up to 1$ pounds per square inch, 
gauge 6 QJJ^e higher it reads, the greater the humidity. 

2o Pilot Pressure to Cooling Valve . This reading should 
be equal to the grefa.ter of Branch Pressure and Pilot 
Pressure to Heating Valve . If it is less than 6 
pounds per squarp inch gauge, the chilled water is 
completely sliut off ; water flow increased with 
increasing pressure "between 8 and 15 pounds per 
square inch. 

3. Temperature Controller Branch Pi^essure . This is the 
output of a sensor on core memory. temperature. The 
lower it reads, th^ warmer is the m,emoiy stall, and 
the greater will be the output of Pilot Pressure to 
Heating ^alve . '< ' ' 

4. Pilpt Pressure to Heatii^g Valve . This is the output 
of the du6t temperature sensor, and .tiie ,pressiire 
should increase with increasing temperature. Steam 
f iow to the heating coils decreases with increasing 
pi^essure (hence with irijcreasing temperature) between 
.and 8 pounds per square inch gauge; above. 8 pounds 
per square inch the steam is, shut off. 

There is a mercury thermometer hanging in the core memory 
stall, which usually reads 80 degrees or less Fahrenheit. Another one 
hangs in CO3I, Control Switch and Power Cathode Follower Panel ; the 
normal temperature is somewhat higher, perhaps 85 degrees. 

The output of the humldistat (Branch Pressure) should be about 
8 pounds per square inch gauge wh^n thelrelativQ humidity is 5056 and the 
teiaperatiire about 70 degrees Fahrenheit. ■ 
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Although the outputs of the two thermostats (Temperature 
Controller Branch Pressure and Pilot Pressure to Heading Valve) vary- 
oppositely with temperature, each should he ahout 8 pounds per square 
inch when its hulh is at the teii5)erature to which it is seto 

Note that when the duct air is cool but the computer room 
air is moist, both the steam and the chilled water may "be on. This is 
normal, and means that the system is trying to dry the air by cooling 
it below the dew point and then rewarming it to the desired duct 
temperature . 

Ill, Alarms ^ 

Indicator lights for these are on a panel to the left 
of the T-Frame in B-15^^ together with a yarning buzzer. 
The buzzer may be suppressed by throVin^' ihe toggle 
switch marked Buzzer ' to the U£ position,; but any alarm 
light will stay on, and the Buzzer Off light will come 
ono Buzzer suppression snould always be recorded on 
the "Live Messages" board. Since the aleirms are con- 
trolled by "fail safe" relay circuitry, an alarm may 
mean only a! defect in the circuit o 

A. Wa.ter Temperature 

This aleunn goes off when the temperature of the 
chilled water supply rises abpve 5I degrees Fahrenheit. 

Bo Room Temperature B-l^O 

This alarm goes off when the temperature in the 
air handling room B-15O falls low enough -po risk 
freezing of the cooling coils. Besides giving the 
alarm the circuitry closes the outside air da^er ill 
the window of B-150<. 

Co Airflow Basement and Air Flow 1st Floor o These alarms 
are controlled by -cnermally operated switches, in the 
ducting of the power room and of B-15O respectively. 
The alarms are tripped when air flow decreases below 
a certain minimum level. 

Do Control Air Basement and Control Air 1st Floor . These 
alarms go off if the ouiiput of the reducing value 
in either the power room, or B-I50, respectively, falls 
much below 15 pounds per square inch. 

Eo tfater Pressure . This is actuated by the "Differential 
Pressuretrol" in the power room, and goes off when the 
difference between input ^d output pressiires to the 
cooling coils becomes too small either in the power 
room or ip B-150. If iuipfoperly adjusted it may go 
off on a hot day just because the water control values 
are wide open. 
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What to do About Alarms;' 'Any alarm is an incident and should be 
logged o An alarm that does not necessitate shutting down the computer 
will usually not he reported to Frank .Mulholland until the next day 
if it occurs outside of regular staff hours; however, any behavior of 
the system that is not understood should be reported ear3.y in the next 
regular workday and should be noted on the Live Messages Board in the 
computer room. Any condition that requires curtailment of operations, 
or any obvious malfunctioning of the air conditioning equipment, should 
be reported immediately to Prank Mulholland, via X^60 during staff hours, 
or via the guard's desk in Building A (X397) at other times. If, at 
any time, it is suspected that shutdown may.be necessary in the next 
15 to 20 minutes, report it immediately. 

The decision when to shut down MTG is simple: shut down 
when it overheats. If the magnetic cores in core memory get much 
above 90 degrees Fahrenheit Core Parity alarms will occur; before this 
happens, however, the computer room will became increasingly stuffy. 
Specifically, turn off D. C. sind Ao C. whpn the memory stall ther- 
mometer reaches 90 degrees Fahrenheit, or) the one in CO3I reaches 100 
degrees. If one understands the air conditioning system one can 
usually make an intelligent guess about the seriousness of a disorder; 
for example, failure of the steam supply or of one of the circulating 
pumps might not cause overheat, whereas failure of chilled water or of 
control air almost certainly would. The duty technician should be 
able to anticipate need for shutdown in time to dump core memory 
(probably onto tape) and record the readings of the program counter 
and such other registers as the programmer inay specify; preferably he 
should BUMnon help in time to have a member of Mulholland ' s crew on 
hand before it is necessary to turn off the coiitiputer. 
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PMEL MBIMORI 

Panel Memory consists of a bank of toggle sxiritches on the con- 
53ole, aM a plugboard beneath, the eonaoleo feken together they make up 
field of the MT€ mamo3:yo The functions of the toggle switches and of 
the plugboard are discussed belcv^o 

Toggle Switches 

Ther© are 32 rows of toggle switches nea.r the center of the 
MSO eonsoleo Each row has l6 sxd.tches^ corresponding to the l6 charac- 
ters of, an 1€1CG wordi there is also s. 17th sid.teh, at the right-hand end, 
which Hsay be UBed to substitute a l6 eharaeter flip-flop storage register 
(called LR-l) for th^ toggle-switch register*.. The toggle switch regis- 
ters are used for shorfe special programs^ for starting long progE^ams^ or 
for entering constants into a prog;:'a!n after the program has been "read 
in" or stored in somg other part of memory <> For example^ a user of MTC 
might instruct the computer to deliver the answers to a problem on cards 
if a. certain switch in panel iimaLory is up^ but on magnetic tape if the 
switch is downo 

Both the quantity stored in an MTC register and the name of 
that register are usually given in the octal number systemj to use the 
machine on® must be familiar with octal notationo The symbols through 
7 retain their usual m^saning in octal, but 8 and 9 stre: never used.; thus 
8^ 9> l8^ 19^ etc o^ cannot occur in a list of octal, numbers o Techniques 
for .converfeing frcm oet<3l to decimal numbers and bask again will be. dis- 
cussed later (Section 5)" To operate MIC one must only 'know how to 
store octal numbers in the s^ritches and re^ad them f Bom the lights «. It 
is eustoQisry in evesy day speech t© name the two states of a switch "on" 
and "off", but in eoiKputer parlance it is simpler to name these states' 
"one" and "sero" ("1" and "G"), An MEG panel memory switch is in the 
"1" state if its toggle is u£ and is in the "0" state if its toggle is 
down o A bit is the fuodajnantaJ. unit of iof orma,tiono A. storage device 
like a switch^, which is In one of two positions ;, is said to store one 
bito It takes tbree bits^ (for example, thre© switches) ,to represent 
one octal ehar-astsr.? ths./follaiiirlng correspondence, which will be ex- 
plained later, should be iaemorizeds 

Octal Character 



1 
2 

3 

h 

5 
6 

7 




* A. "register" is any device capable of storing a number, (usual Ty in 
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The MTC toggle-ST«ritch registers are mwibered in octal from 
to 37 • The l6 switches of each register are arranged in 5 groups of 
three with an etched vertical line on the panel separating adjacent 
groups. The extra switch is at the left^ and is called the "zero" coliJinno 
The remaining columns are numhered from left to right, in decimal , from 
1-15. The lone sx'd.tch in the zero column ob"viously can store only "0" 
or "1"; it is called the "sign hit". If it is in the "0" state the num- 
ber is positive. If it is "1", the number is negative- Programmers 
occasionally insert a "decimal" point in a number^ it belongs between 
columns euad 1, 

Now we can write octal constants in panel memory. A few. ex- 
amples are; 

Octal Nmaber MTC Code 

0.275^6 010 111 loi 100 no 

1.3^521 1 on 100 101 010 001 

450 000 000 100 101000 

An MTC instruction is usually written as a two- or three- 
letter code fonowed by a four-character octal number, for example cs k^ . 
The letters stand for a set of 5 binary characters and are written in 
jpanel memory with swl.tches through ko Thus when the word to be written 
is an instruction, only the two low order (right-hand) switches in the 
second octal digit (that is, only columns 5 aJ3^ 6) are available to rep- 
resent , part;, of : the. number. Hence the , nicimerical parb of an instruction 
must always be less than i^^ 

Ther«5 is no easy way to remember the instruction cods. Users 
should be very familiar with the instruction list posted on the operat- 
ing console. Referring to it, we can see that the f onowing are examples 
of correctly coded instructions s I 



INSTRUCTION 



Inst 

t=-^— *l Octal Number 



es 45 101 dOO GOO 100 101 

to 3^72 1 on dii 100 in oio 

I 
The 3cules used in constsnicting the table are; if fewer than 

four octal characters are given after an instruction, the characters. 
given are to be placed in the low-order (extreme right- columns and pre- 
ceded by zeros; for the purposes of reading the n\am®rieal par'fe of an 
instruction, column k is aJ.ways read as zero, and only columns 5-15 are 



A word should be said about the most frequent use of panel 
mem03:y. The "start over" button on the operating console causes the 
coorputer to take its first instruction from register of panel memory, 
but programs usually begin in core memory. Hence the first few regis- 
ters of panel memory usually must contain instructions, which transfer 
control to the start of the actual program. The programmer will usimlly 
indicate the starting address with the number 1 or 2 fonowed by a dash, 
followed by an octal number between and 3777 » The 1 or 2 should be 
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made the numbex- pai-'t of an sof instrraction in ragister of pasel memory; 
the follcving oe,tal nunibe::' iBhould loa tha numericaJL part of a _tro in- 
structiOHo Tb-us^ if the direetioas with a program are "Start at l-'kj" 
the follomng should he stst up in tha pasiel memory s'witchsss 



SQf 1 1 010 100 000 000 001 

1 tro kq 1 000 100 000 100 111 

Simple programfs may he set up end run directly from pan^el m^- 
ory, id.thoiit preparing sjoy. tapes « The Tfjxiter of programs for this purpose 
must rem.f£ahsr tliat the contents of a toggle- switch register cannot he 
changed by t.he ecaiputero Howei/ar^, thera ax^e five "live registers" imde 
of Yaouum-tuha flip-flops referred to as LR-1, 111-2^ o « o » , LR-5;? 
which may he made part of pa^ael mjsmoryo IS-l imy he substituted for any 
toggle-'Switeh register hy putting the asctreme right-hand (seventeenth) 
switch in the "up" positiono Aoy of the live registers msy he substi- 
tuted for a plugboard register by a proper insertion of plugwixes; 
hence the writer of programs fccr panel Eemory has at his disposal five 
registers capable of storing, numbers computed during the rmming of a 
problem o 

ThQ Plugboard 

fhe rjimainder of fi^sO.d of -mmmoxyy registers ^0 - 77 (octal), 
is on a, .plugboard— essentially a large plastic matrix which supports 
contact points o VJhen the plugboaz-"';! is inserted in its recaptacle these 
contacts protru/sl,® out the back of it aM complete certain circxiits in- 
side the computer, much as the tvOggle sifitches dOo !Ehe plugboard recep- 
tacle is uxid€5r the operating table di.reetly below the console oseillo- 
scopeo To ram.or\ra a board, pull dat^n a^^d out on the receptacle door«. 
The plugboard is now revealed, €md may b@ lifted up and out, by the handle. 
The only tblng to remember about insesirfeing boards is. that the, locating 
pins on the sides go at the bott'i^m^ so that the wires ©jre out and the 
contax3ts inj ' tha plugbc«.rd imj be pushed, nearly into place at the top, 
and, if the pins are properly l©cat©d, closing the door will lock it in, 
place o When you lay a plugboarrd down, €(;> i't only on a flat sprfaee free 
of other objects; or, better yet.? put it in the rack for spare, plug- 
boards beside the receptacle « Baits, mits^, aM books under a, plug- 
board lill. push the plugwires pa^fe 'sjay out and make for uncertain eon- 



The purpose of a plugboard mfaaory is semi -permanent storage of 
programs such as the paper tape read»in and test routines, which are 32 
or fewer instructions long and are used very ofteao The button "Start- 
at-40" will cause MSQ to take its first instruction from the .first pli;ig- 
board register- The most frequently used prog^-'.ams ' are left plugged up 
on spar® . boards^ folders containing pro^.2ime for all.. MS.' plugboards have 
been filed in the eosrputer room asd in the MSG Office. 

M. MO plugboard has 6h rows of holes, a pair of rows for each 
registero Thm octal number (name) of the register appeals to the right 
and BJidway -between . the two rows of holeso As in the toggle switches these. 



6-10-57 l-b-ii- 

rows have vertical lines setting off the high-order (extreme left) pair 
of holes, then dividing up the others into five groups of three. To 
insert a "1" at a certain position, plug in a Jumper wire "between the 
pair of holes in the proper column. The numhers are coded in octal in 
the same way that toggle switches are, with three columns of holes for 
each octal character. The correspondence is, "1" is represented by a 
jumper; "0" by no jumper. The 17th and l8th holes in the top row of 
each register must he connected by a juniper, to connect that register 
to the computer. Any of the live registers can be substituted for a 
plugboard register by connecting a jumper from the l8th hole of the 
register to one of the holes at the bottom of the plugboard marked LR-1, 
.0,0, IR-5. There is a set of holes for LR-6, but LR-6 has not yet 
been built and its use should not be attempted. The four sets of holes 
at the extreme right of each plugboard register have no function in MTC 
and should not be used. 
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MMm SUPPRESSION 

Marms are indications of conditions existing inside the com- 
puter; the machine stops, and a light on the Alarm Indicator Panel comes 
on to sho¥ ¥hy the step occurredo Directly "below the Alarm indicator 
Panel is an Alarm Suppression Panel*. Switches and switch-position indi- 
cator lights are arranged to line up with the corresponding alarm Indi- 
cator lights above o In general, to suppress an alarm is to prevent the 
circuitry from stopping the computer when the condition is detected* 
There are three types of alarms s those which occur normally and are 
programmed, those due to errors on the part of the programmer, and those 
designed to indicate machine malfunctiouo The classification is as 
follows; 

Normal Operation Programmer Error Malfunction 

Identity Overflow Drum Parity 

Overflow Card Copy Tape Parity 

Programmed Tape Not Ready Core Parity 

Drum Timing 
Card Copy 

Except for the drum pari"ty alarm, all alarm indicators to the 
left of the console, just under the "Automatic Memory Display" panel, 
are associated with the programmer, while those to the right { just to 
the left of the "bookcase) are related to computer malfunction. and norm- 
ally are handled only during trou"ble shooting <. A programmer should 
specify the desired settings of all alarm suppression switches on the 
left hand panel "before his program is runo 

Identity 

The instruction M, occurring in a program, causes the machine 
to compare the number in the partial sum register with one stored in 
memoryo If the numbers are equal, nothing happens; if they are unequal, 
the machine will stop and display the blue light labelled "Identity" 
provided the "Stop - Don't Stop" switch directly below is in the "Stop" 
positiouo If the switch is in the "Don't Stop" position, inequality will 
result only in a skipping of the next instruction in the programo 

When the switch is in the "Don't Stop" position, the stop-on- 
inequality feature may be invoked by a £f ^ instruction in the program, 
and cadcelled by a subsequent ^ ^ instafuction; when the switch is in 
the "Stop" position these -^f instructions are overridden and have no 



Note that the program must call for a comparisono 

Overflow 

When a sum or difference caiirputed by MTC is greater in magnitude 
than Oo 77777 octal, information is lost because the machine cannot store 
such large numbers- Unless the following instruction is one which clears 
the resulting overflow condition (to, ^r^ ^, or et) the computer will 
normally stop, give a chime, and light the light labelled "Overflow"* 
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The stop^ cliim®p and light may he suppressed hy throwing the associated 
suppression switch to the "up" position^ hut this has no effect on the 
internal state of the computer « If the instruction following the one 
on which the overflow occurred causes another overflow, the computer 
may stop in aa aLaCTi condition hut with the overflow light off o The 
overflow check is unlike the identity check in that it occurs automati- 
callyo 

Programmed 

One version of the sof instruction will, hesides its normal 
function, stop the coniputer in an alarm condition unless the Programmed 
alarm is suppressed hy throwing the associated suppression switch "up"» 



This alarm may he caused hy card machine malfunction, hut is 
more likely to he caused hy violation of one of the restrictions on use 
of card machine; 

1« Exactly kQ words must he punched onto or read from each 
cardo 

2« Having read or punched one word on a card, the machine 
must receive an instruction to read or punch the next word within a few 
milli-seeondsa The exact time lapses allowahle are given in the dis- 
cussion of the card equipment* 

Tape Hot Ready 

This alarm is given when an instruction occurs to write on, or 
read from, an improperly loaded tape unito The Tape i^ypass switch is 
inoperative* 



With each l6-hit MIC word is associated a 17th hit so chosen 
as tb make the total numher of "I's" oddo If a 17-hit word with an even 
numhe^ ©f "I's" is detected, the machine will stop with an indication of 
core, di°um, or aaagnetic tape parity according to where the erroneous 
word was diseoveredo This is almost always a sign of malfunction, and 
calls for tx-ouhleshootingo These alarms may he suppressed hy raising 
the switches! hut to do so deprives the programmer of any check on the 



D!rum Tim ing 

This alarm indicates that the circtiitry used for locating posi- 
tions (registers) on the surface of the drum is out of step. Provided 
no instructions referring to the drum are given in the program, this 
alarm may l3e suj)pressed imtil time is found to repair the drum circuitry- 
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Drum Motor 

This alarm, and tlie associated switch labelled Drum Bypass , are 
inoperative. 

Fuse 

Most MTC fuses are of the "grasshopper" type; that is, the 
fusible material is under tension. When the fusible material melts 
(when the fuse blows) a spring contact is released which touches a busbar 
behind the fuse panel. This conipletes a circuit which turns off all D.C. 
and sets off the Fuse alarm. The Fuse alarm, obviously, cannot be su- 
pressed. 

Suppress Chime 

This switch, in the "up" position, prevents the alarm chime 
from ringing, but affects the alarm circuitry in no other way. 

Inactivity 

This is not really an silarm; that is, no circuitry is set up 
by it which must be cleared before proceeding. However, the Inactivity 
light and alarm chime will be given whenever the circuit detects no 
pulses during an interval of time longer than that required by the slow- 
est instirtiction. 
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PUSHBOTTOI GQWmOIB 

Beneath th® toggl® s^teh panel of Panel Memory is a panel 
containing nine pushbuttons which are used to operate the Memory lest 
Conrputer. Next to them are toggle switches used to turn the conrputer 

room lights on atid off- Shere follows a "brief description of the 
actions of the various pushbuttons » 

The buttons and their fanetionSj, reading from left to right, 
are; Start Over, Res'fea^r-fep' Stop., Stsxfc at 40^ Stop Reader, Clear CSPC, 
Clear Alarms^ Deselect Jfeigaetie Tape aad. Camera Index* 

Start Over 

This button clears the arithmetic and control circuitry of 
MTC of all numbers left over from a previous problem^ sets d'ertain con- 
trols to starting positions-, and starts the computer at the instruction 
in register zero of Panel Memory o If the program to be performed has 
been stored elsewhere than in Panel Memory^ the first registers of 
Panel Memory should contain sof and tro instructions to transfer control 
to the register where the program actually begins. Start Over also 
clears all alarms which may be set«. 

Restart 

This button clea^i'S the al.8zm sireult:?y but causes the computer 
to continue from the point where it ^m.B last stopped.. The arithmetic 
circuitry is left undisturbed^ and^* if the eosEgputer is stopped in the 
middle of an instruction^ the cairpiittsr finishes it and then continueso 

Sto 



OPhis stops the computer o Most circuits of MTC are so designed 
that it is always . safe to storpi that is^ ai\y operation than cannot be 
interrupted will be coispleted before the "stop" signal takes effect. 
Thus one can usually take up where he left off by pushing "Restart" • 

The exceptions to this TuLe are the in-'put eg.U3i.p2iient.s photo- 
electric tape reader^ Flex©vK^iter^ Sorobaa pimeh, card reader. Drum 
Memory, and J&gnetie tape units* Fashing Stop during an instruction 
affecting one of these units may or may not generate an alarm; in aaay 
case it is probable that th® instruetioa has not been correctly per- 
formed^ and that one mmt Stasrt Ororor eonsult with the programmer for 
a suitable starting point o 

Start at hO 



^^'^ Start Overs this button clears control, alasias, :, pud 
arithmetic ^ circuitry <) sets certain eontrols to startiiig positions, but 
then starts the ccaaputerat register kO^ the first register of the plug- 
board. Programs like th® paper tap® read-in^ which are . available on 
plugboards, can be staarfeed direc'fely<, without a "tr 4o" instruction in 
register zero. 
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ThiB pujslibutton i@ us®t ©22!^ in em®rg®]aei®s» It® fimetion is 
to st©p th® photoffilestrie tap® r®wM-^p ami it® us® should "be necessary- 
only if the r(S®ii©r Ms failed t® st'5^ at th® proper place, or has read 
off th® ®Bi of a tapso If it is pughsdwhil® the .reader is actually 
reading tap®^ it is probalal® that th® lims of holes over the photocells 
■when the button was pushed will E®t b® ^^^eaij hence, after pushing Stop 
Beadisr on® csianot usually push R^s^t-grfe without inserting garbled inform- 



Clear OFC 



"OPC" stands for'"€l©?.k Pols® Control", part of the central 



control circi^tryo There ar@ foiar pairs of indicator lights over the 
loud@p©isIC(sr to th© left of the eoasolgp labelled "Cl^sck Controls D, G, 
B, A" I these indicate the states of flip-flops A, B, C, D in Clock Con- 
trol. In certain malfunetion® ©f the ©©aaputer it may be inrpossible to 
Restart s Staarfc Orerg or Start at 4q bet?,ause flip-flop A or B is in the 
"one" stat®^ indicated by the 'fact that the upper' (red) light of pair 
A or B is lit rather than the Icwer (white) lights Pushing Clear GPC 
will remefily this sitimtion. 

Clear Ali 



Thi/s pushbutton clm&S'm asy ?ilffi:fii condition that may exiet 
when the computer is stoppedo Sisiee g©ft.^£t,. Start ©rer and Start at 40 
are connected so as to clear th@ el,msm. circuitry automatically^ this 
button ha© ¥ery little use*. 

Deselect Magnetic Tape 

Thm isagnetic tape uait t© which sub seg.uent instructions are to 
refer is specified by a progr^aa lu 1€K?| the Deselect fegnetie Tape 
button destroy® the gelaetion mM.^ ia the progxumo It i© seldom uiged 
in normal operation,, but shOiiM be ui*3®d to gt«2p a nmaw^ tap® or one 
which l^B ran past its "end of r@e®2^" ©ymbolo 

Camera Ind^ 

^Ehig pushbutton will adrma&e the film in the oscilloscope 
camera by on© frame each tim® it is puahedo After a new filia magazine 
is momit^d on the eameraj, or just b®f@>r® an ©Id one ±& removed for de« 
velopmeat, this button should be pushed manually 10 or I5 timesi it is 
also advisable to advance the film a f ©w frames between two programs 
both of which use the eamerae Most uasrs of MK will program the "Index 
Camera" operation ^ascapt s.t th© bsgisiiiaing and end of a run. 



Thosa used during nozmal operations 

Start 0¥@r 
Restart 
Start at l|-0 



Those used only on diseov®jry of a programming error or on 
computer malfunctions 



Stop Reader 

Clear OPC 

Clear Alaxms 

Deselect Magpaetic Tajpe 

Duplicates of tJiase pushbuttons may be found under the Margi- 
nal Cheeking Panel at the right of the console^ al.so^ all hut Index 
Camera and Clear JLLasms ar® dmplieated or the In-Out equipment portion 
of the S Frajaso 



7-1-57 1-=@"1 



PHXEQELECTRIC (EAES READER 



The Photoelectric Tape Reader^ sometimes called fETR tor sho:d:^ 
is localjed in the S-^traMe in front of the console, and is used to read 
information from seven°chaimel paper tape into the ccmputero The HETR 
is under progrean control via the ri instructiono It is operated as 
follows? 

lo Turn on Motor=light switch 

This switch is located above the reader in the angle iron of the 
mounting frame*, It should be off whenever the PETR is not used in 
order to prolong the life of the motor and gearingo The filaments 
; ,.of the internal aiEplifiers are on at all times » The external 
blower runs whenever the PETR is installed in its socl^eto ■ 

2o Insert the tape 

Raise the lever exteaading fr^a the right side of the Ismp housing 
(as the user faces the front-- nameplate side." of the PETRo) This 
raises the tape hold-down plate of the inaehineo Now, tape ca© be 
inserted under the plate and between the guide pins^ and the 
holdfdown plate lowered by lowering its levero The 7th hole row 
on t|ie tape should be inserted so that it is toward the userj 
thiS' row can be identified by the fact that it is the one of the 
two edge rows of holes which is most nearly continuouso The 7th 
hole is used to tell the machine whether a line of information is 
to be reado On k'='6°6 tapes prepared by MTC the tape will be 
inserted correctly If the punched title on the tape = MTCi 3Qqc <=, 
can be read in a normal xoamiero i 

Tape -passes throu^ the reader from right to left as viewed from 
the front, or nameplate, side of the machine » Uhmarked flexo tape 
can pe identified for beginoing, and end by realizing that the 
Flexo^riter punches i^ through the tape and consequently leaves 
burrs> which, can be felt with the fingers^ on the side of the tape 
which was up as it went through the Flexoo This side should be 
down as the tape passes through the PETRo Again the 7*^1 hole row 
will be. nearly continuous o 

3« Start read-in operation 

A read-in plugboard is available (and is normally plugged in) which 
will read in k'='6°6 tape produced by MTCs conversion progrsaa« The 
first address of the' plugboard 1b O^kO so the S!MRT AS? kO push 
button will initiate the program and thus read in a k'='6-^6 tapeo 

Other tapes and programs must be handled with a special plugboard 
made up by the programmer or by means of a stored program which 
would normally be initiated by STiRT QWRo 
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THE FLEXOWHI'lER 



The Flexowriter is the only output device on MiTC, that will 
produce printed copy directly o By means of facilities in other parts 
of the laboratory, results on cards or on magnetic tape may be printed, 
hut some programmers prefer to have a printing monitor on progress of 
their' programs, and use the Flexowriter f or this purposes The Flexo- 
writer caii also deliver results on. punched paper tape and is usfed in 
this manner by the basic conversion programo Since the acquisition of 
the high speed i)hotoelectric tape reader (PETR), the relatively slow 
mechanical tape reader on the Flexo¥rl,ter . is not lisedo 

Printing and Punching occur under direction of the computer, 
one character at a time, by means of variations of the gr (print/punch) 
instrudtiono 



lo Printing 

ao Paper - If paper with sprocket holes is used the pressure re- 
lease lever on the far left of the carriage remains in the 
forward (released) positiono Bring the paper over the guide 
bar and under the. roller o Guide the paper in and turn the 
roller until the holes line up with the sprockets o If paper 
"wittiout sprocket holes is used, pull the pressure release f or- 
ward .(-released) o Insert, the. paper just as before^ but bring it 
up and position ito , Then push the pressure release back/- pipp- 
ing the paper in place o 

bo. Running - Turn the switch in the lower rigiht hand comer to "on"c 
Make sure,: the knob on the right rear of the Flexo- is in the . 
"normal print" positiono The computer can now control all print 
operations including carriage retiirns^ tabs^ color change, 
upper case, etco Note that the user can also use the keyboardo 
The oiily precaution is tlp.t the user sjiould not type., with the , 
keyboard while an actual typing operaljion is being performed ' 
by the computero Be car©f uL, also, with the color change, .. 
upp^r case, and lower caseo Some progranmers assume the FTexo 
is left in the black color and lower casei therefore, ear© 
should be made to see that the case and color 'are proper when 
any printing is doneo Caution o° All other buttons (start read, 

' ' stop read, etcp) should' ^not be touched o ' : ■ 

2o Punching 

ao New .tape - To insert a new spool of tape, remove the bar on the 
rear of the. Flexo o Remove the spool cover by loosening the 
knurled screwo Remove the old sjiool and place the neir one on 
with tape coming of f • the bottom towaxds the right, (looking at 
the machine from the b^k) q Thread the tape as given belowo 

bo Threading - Bring the tape below the tape guide and over the 

tape, tension arm roller (under the finger on the roller if there 
is one)o- Opien the tape hold down arm '(jupt in front of the 
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plastic chip catcher) vjhich also lifts th??s tape nm out amio 
(This is Just to the rear o) The tape caii now be placed into 
position by edgewise insertiono Close the tape hold down anno 
Press the tape run out button and pull the tape out at the same 
time in order to run the tape into proper operating positiono 

Co Running - Turn the switch in the lower right hand comer to "on" 
Make sure the knob on the right rear of the Flexo is in the 
"normal print" positiono The computer can now control punchingo 
No punching can be accomplished by pushing keySo When the tape 
runs oiAt, punching becomes disabled on the Flexo until new tape 
is insljalledo 
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THE KTC CARD MCHINE 



The MTC card machine is an IHC Type ^13 Automatic Reproducing 
Punch converted to operate primarily as a punched card input ai d output 
for the MTC conputero Cards punched on other card machines can be read 
with the MTC card machine and cards punched on the I-TTC card machine can 
be read with the other card machines^ provided the compatible card lay- 
out and coding are usedo 

In order to use the MTC card machine for punching out results 
from HTCp op 3000 and cp 3,1^00 instructions are usedj* and for readingp 
op 1000 and op~l] [iOO instructions are usedo See the Programming Refer- 
ence l&nualo 

Sie card machine can be used in different modes of dperationa 
The two most canmon are computer control mode and test modep The 
desired mode of card machine operation is determined by the wiring of 
a control panel (plugboard) placed in the card machineo A covered 
control panel is usually in position! this is the computer control plug= 
boardo It is wired so that the coi^rater controls . the punching or 
reading of cards via the operate instructionso A. separate test plug= 
board is wired so that the card machine wiH reproduce cards placed in 
the read feed onto biask cards placed in the punch. feedy, but since the 
card machine is usually tested under control of MTG^ the test mode will 
not be discussed below* 

C aMHJTER U SE OF CARD MACHINE 

With the computer control plugboard in placep punching or 
reading using the computer can t^e place^ providing the card machine 
is set up as 



RE ADY Fm PUNCHING 

a* Place an adequate number of blank cards in the punch feed hopper^, 
9 edge firsts face down^ with the plastic card weight on topo 
The phrase ^9 edge firsts is IM jargon meaning "9 edge to the 
right as you face the side of the machine with the switcheso''^' 

bo Place at least two cards in the read feed hopper^ with the 
plastic card weight on topo 

Co Hold down the start key until both feeds have operated or the 
red ready light is **on®'o 

READY" FOR READING 

So Run out an^ cards in the read f eedo 

bo Place the cards to be read in the read feed hopperj, 9 edge firs*^ 
face downp with the plastic card weight on top* The phrase^ ^ 
^ edge firsf® is IBM Jargon for ^9 edge to the right as jaa 



face the side of the machine 6-d.th the skrl%ches,y^: 
Cq Place at. laast two cards 'hi. the pimch f^ed hopper^, -with the 

plastic sard weight on topo 
do Hold down the start ke^r \intil both feeds have operated or the 

red reacfy light is ^on^*d 

Note that without the card weights^ jams are likely to take 
placeo 

In placing cards in the hoppers be careful that the cards 
are in place lidthout bindiijg against the sides of the hopper^ 

If cards run out of one of the feed hoppers during reading 
or punching (and the ready light is out) the computer will ®to;D^ ,and 
wait when it tries to do another operate instructiono Ifp at this 
t£ies cards are placed in the ejipty feed hopper and the start key is 
depressedp the cards will feed in properly and the computer wiU resume 
operation of the card machineo Without restarting the ccmputerp the 
prograDtt will c< 



qperator d^ress^s the s 
remaining cards in the 
operationo. 



of one of the feed hoppers and the 

before Inserting, new cardSp then the 
run.,, out. and caneel the autcMatic start 
s are read in^, the card machine wiH 

CGsrputer program. must be started agaia 



GANG PUNCHING MD MTC IDENTIFICATION SdTCHES 



Only two of the switches on the card machine are normally 
usedo The one on the left marked '^Rep"^ (fc^ reproduce) is the gang 
switcho When this switch is f^-on^ or upp then any punching in ©olumns 
2'-l6 of a card going through the punch feed will be punched into the 
following cardg the punching in that card will be punched into the 
next following card^ etc© , . In other wordsp an^r punching in colianns . 
2=>l6 can be put into a deck o^^ cards if the first ©ard being punched 
has this punching^, and the gang punch switch is upo Note|, however, 
that this is true only when the card machine is under computer controls 
because of the wiring of the computer control plugboard* This switch 
has no effect on the read feedo 

The switch on the rights marked "KTC^p causes each card 
punched to be marked with an identification symbol cl^aracteristic of 
HTCo This symbol is the Hollerith code for the letter M punched ii^tp 
the first column and consists of punches in row 11 and row Ijo 



MAGi^Tie mPES 

MTC has three IBM tape drives controlled through the Tape 
Adapter Frame; to each tape drive a number 1^ 2^ or 3 iiiay he assigned 
by a rotary switch at the bottom of the tape drive dooro Programs re- 
fer to tape drives by these assigned numbers^ not according to the 
positions of the drives on the flooro 

Near the selector switch on each door are four pushbuttons 
and four indicator lights o Use of the buttons is explained below undo:" 
deratio n; the ^i^iificance of the lights is as follows s 

■^° .Selegt^g This light comes on when the computer executes 
a progranmed instruction to prepare the tape drive 

for useo 

^^° Not Ready g This light iisdicates that the Load opera- 
tion described below has not been completedo If a. 
progrsaa attempts to use a "not ready" tape, the machine 
will give a "Tape Not Ready" alarm and stopo 

IIIo File Protect Qng If this light bums when a tape is 
moujited on the left hub^ it indicates that the file 
protection ring has been removed j, so that writing on 
the tape is impossible o This light always biims when 
there is no tape mounted o 

IV o Not in File Areas When this light bums the tape may 

be selected^ but reading or recording will be impossible 
until the unit has been put In File Area by a programmed 



Note on file protections Every file reel has a red pl^« 
tic ring, called the file protection ring^ fitted into a concentric 
groove in its back surface o If this ring is removed from a reeL^ the 
"File Protect On" ligh^ will burn on the tape mechanism holding the 
reel, and it will be impossible to record on that tapeo If recording 
is attenrpted, the computer will stop with the following indications s 

CS cbo 

AB Xlst word to be copied) 

AC (Word Count) -2 

ECS 3300 

SS 5 

PC (Address of ^) +1 

OPERATION OF THE MAGNETIC TAPE DRIVES 



lo Before attempting any manual operation, press 

the "RESET" buttono 
2o If machine. is "running away" or fails to s-^qp on 

a tape break press "RESET" to stop it and restore 
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it to manual, control o 

3o Never force the machine reel sensing arm into posi- 
tion after loading a tape; it will be set automati- 
cally ¥hen the door is closedc 

i|-o Be sure that the tape is properly threaded through 
and that the load point is wound well onto the 
machine reel before attempting "LOAD/REWIKD" o 

5<. Do not open the door of the drive while it is in 
operation! opening the door drops power via a 
power interlock o 

60 Vlhen handling a tape reel (for loading^ manual wind- 
ing^ etco) handle it as close to the huh as possible 
to" avoid bending or warping the outer edges o 

7o Whenever computo^' power is duii5)ed be sure to follow 
up with "RESET" and "UNLOAD" on each tape drive o 
Repeat this procedure after. power comes back ouo 

8 a Do not attempt an.y manual operations on the tape 

drives while a program is being rim on the computero 

IIo PREPARATIONS FOR LOADING THE TAPE DRIVES 

lo The machine must be in an UNLOAD " status (see 
figure^ next page)o 

Ao The upper. head section is raisedo 

Bo The capstans are retracted « 
2o. . If it is not in an UNLOAD status' proceed as in 

Heading Vo of this subsectiono 

IIIo LOAD Place the file reel (full reel of tape) on the 
... . ■ left hubo 

lo. If file protection is desired^ remove file protection 
ring from reelo See "Note on File Protection" above., 

2o Loosen the knurled knob on the .hubo 

3o Press the reel firmly on the hub^ then tighten the 
knobo 

ko Thread the tape as shown in the figure o 

5° Lift the sensing arm and allow it to catch in the 
UP positiono 

60 Lay the loose end of the tape in the machine reel 
(the .right reel)o 

7o Depress the reel brake buttons under the left reel 
while winding 5 turns of tape on the right reelo 
Machine reel winding should be done in a clockwise 
direction while the tape is held firmly to the reel 
hub ifith one finger of the right hando 

80 After winding a few secure turns on the right reel 
remove your finger from the tape and continue turn- 
ing the reel clockwise until the load point has 
been would well onto ito This should take several 
feet" of tapeo 

Ao The load point is a reflective spot on the 

face of the tapeo It is easily recognizaljleo 
Bo The manual winding should be done by cant^i^^ijl - 
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ing the reel from the solid area near its hiibo 

The spoked (cutout) areas should not be used lest 

the reel "become bent or warped and chew up the 

tape edge So 
9° Close the door securely o 
10 o Press the "LOAD/REWIKD" buttono 
,Ao The head assembly will lower » 
Bo The tape will feed into the columns o 
Co The machine will wind tape in reverse until the 

load point is sensed, then it will stop and the 

NOT READY light will come one 
Do Press the "START" buttono The machine is now 

ready to useo 

IV. REWIM) MP HIGH SPEE D REWIND (Note that it is also 

possible to rewind under control of the program) o For 
manual rewind press "RESET" then "LOAD/REWIND" » . 

lo If the machine reel contains more that one-half 
inch thickness of tape the rewind will occur at 
high speed until only one -half inch remains o The' 
rest of the tape will be rewound at normal Bpeed<x 

2o If less than one-half inch thickness of ta;pe is on 
the machine reel the entire rewind will be accom- 
plished at normal speed o 

3o At the completion of a rewind the NOT READY light 
will come ono The tape can now be either used for 
reading or writing after pressing "START" ^ or it^. 
can be unloaded by pressing "RESET", then "UNLOAD" o 

Vo UNLOAD 

lo Rewind the tape to the load point by pressing "RESET" 

then "LOAD/REWIND" o 
2o When the tape is at the load point press "RESET" 

then "UNLOAD" o V' 

Ao The tape will be withdrawn from the columns « 

Bo The head cover will raise o 
3" After UNLOAJJ is conrplete open the door and unload 

the tapes as follows? 

Ao Depress the reel brake buttons below the left 
reel and manually rotate the left reel in a 
counter-clockwise direction until all the tape 
is on ito 

Bo To remove the reel loosen the knurled knob at 
the hub and pull the reel from the hub « Be 
careful not to bend the reel while removing It 
from the machine « 

Co After unloading the reel leave the machine in 
its present status o loeo DO NOT push any 
buttons except "UNLOAD" once the tape has been 
unloaded from thQ machine reelo 

BEFORE IVTTEMPTING ANY OPERATIONS ON THE TAPE DRIVES RE-READ HEADING I 
OF THI^'SUBDIVIDION CONCERNING PRECAUTIONS o 



YUEU SWITCH PANEL 

; There" are twenty toggle switches at the top of ^k with connections 
of a seiniperinaneht nature | they control certain ftmctions which a prog-- 
rammer may" Msh , to a^^ or disable when using MTC in special applications o 
These so-called »*Video Switches" are named for 'the fact that they control 
no gates but are connected directly In the cc^ocial video cables which 
transmit MTC pulses « 

lA each case the normal position of the switch is "Q£fP or downo 
When a Special function is invoked by throwing the' proper, switch up^ 
a green light just above the switch indicates the special status© 

At present only the five switches named below have any function© 

lo Ch^gggfag^LJOgggg-M:^ s&jitch disconnects the Gharactrdn ®end 
return pulse" from MTGo The Charactron is a cathode-ray tube 
output device in BO3I10 Certain inalfunctions of the equipment 

associated with it can send spurious pulses back to MTG| hence 
this switch should be left an the 8«0ff»* (down) position except 
when the Charactron is in 



Ho The MgJ^ 2M agd Alagn mfitch is also part of the Gharfi^ctron 
equipment o Gonputer operation. is normal when it is flooff^ 
(down) I when it is ^On^^ the Charactron light gan can set the 
alarm flip^flops^ which are bits ^ and 8 of IE5o 

This switch affects only the Charactron light gon^ not 
the one to be used with the console display "unito 

UIo The Clear IE3 md k on Transfer switch^ when '^On^ (up) causes 
IR3 and LRlpto be set "to ^0 on each jto^ teo^ to^ or tno insl 
tion© If the switch is "Off" the transfer- type instructions do 
not affect IR3 and IEh$ but in this case the pf? instruction 
will clear them to c»0o 

IV o The Audio Zero Crosslng^ Detector. In switches are explained more 
fully in Section Iko Both should"Ee kept «»Off ^w for normal oper^ 
ation^ if both are "^On^" normal readout of IRii is possible only 
when the output of the microphone connected to the zero,, crossing 
detector is positive o If the microphone output is negative |> 
reading out of IRlj. produces +O0 
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DISPLAY A M) CAMERA 

The display system is MTCs fastest output device^ and is used 
in a variety of ways by progranmierso It consists of two cathode-ray 
tube display units s a direct-viewing one in T5i and one in T12 equipped 
with a Fairchild camera under program control o The instruction ds x will 
cause a spot to be intensified whose vertical deflection from the center 
of the screen is proportional to the number in the accumulator, and whose 
horizontal deflection is proportioned to the number in the A-Registero 

\ In an emergency, the Polaroid camera may be used to photograph, 
the consbie displayo 

Power Supplies 

The display system is normaJ.ly on and rea^y whenever Do Co is 
on; heater power and amplifier plate power are drawn from the MTC supplies* 
Accelerating voltages are provided by two Northeast Scientific Company 
power supplies in T13o The input to these supplies is taken from Compu- 
ter Room Ao Co, but they remain on Standby unless the +90 volt Do Co is 
supplied to tile computer o Each supply has a three-position power switch 
on its panel; because of the interlocks these switches shoijild be left On 
exceptlwhen one wishes to work on the oscilloscopes without turning off 
Do Co In this case tui°ning the power switches to Standby will leave the 
supply heaters on but will remove the high. voltage from their outputs o 
The settings of the voltage control switches shoiild never be changed ex- 
cept by an MTC engineero The lOKV potential difference existing in the 
display system is lethal an<3. should be treated carefully o 

Controls 

Associated with each display unit are three controls; Focus 5 
Astigmatism , and Intensity o They are behind locked doors in the oscillo- 
scope cabinets becfrxioe they should never be changed except by an MTC 
engineer or duty technician. Keys to these doors are kept on the key 
board in the Meters and Probes cabinet The usual reason for changing 
any voltage or intensity setting is that the photographs of the camera 
oscilloscope are turning out poorly, probably because of a change in film 
or cathode-ray tube characteristics o These situations should be reported 
to an MTC en^neer for adjustment » A temporary readjustment to suit a 
special program warrants a log entry, and the system should be restored 
to normal before the next programmer takes over the computer o 

Camera 

The Fairchild Camera is permanently moimted on the display unit 
in T12; this unit always displays the same pattern as the one in the con- 
sole, but uses a different phosphor on its screen and has a different 
physical layout « Either the operate instruction or the Index Camera 
pushbutton will move the film ahead one frame o The shutter is normally 
open, but is closed when the film is advancedo The lens aperture of the 
camera is adjustable in six steps between f/2o3 an^ f/l6o It should be 
changed only by an MTC engineer or duty technician; readjustments require 
log entires, and the system shoiild be restored to normal before tihe next 
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AUDIO SYSTEM 



The audio equipment of MTC includes a loudspeaker that can be 
connected to various flip-flops in the central computer, and a device 
called an **Audio Zero-Crossing Detector.'^ 

lo loudspeaker and Amplifier 

A« Use 

By listening to this device one can tell whether the computer 
is running at all 5 if the same sequence of tones is heard repeatedly^ 
it may mean that the machine is performing the same group of instruc- 
tions over and over because of a programming error o Ifore generally^ 
anyone familiar with the sound of a program can obtain a quick check 
on its progress by listening© Bu clever programming, MTC can be made 
to talk, play mnisic^ or emit other strange sounds | such tricks have 
been used effectively to demonstrate the computer's versatility to lay- 
men« 

Bo Equipment 

lo Panel 

The loudspeaker and its amplifier are located in the 
operating console at the bottom of T3« The panel 
contains for controls two input selector switches and 
treble, bass, and volume controls <, In addition, there 
is a phone jack which may serve either as a high-im- 
pedance input to the aii5)lifier or as a connection for 
an auxiliary aii5)lifier from whatever computer circuit 
is selected by the input switches o 

2« Switches 

a« The function switch is the lower of the two input 
switches© Xt is a three -popition switch* 

'i 

i) In the fully counter-clockwise position (label- 
led "SB" for "Standby") the aii5)lifier input 
is openo Unfortunately, there is a tendency 
toward oscillation in this condition unless the 
treble control is set at minimumo 

ii) In the center position (labelled »»TC« for "Tone 
Control") the selected input is fed to the 
amplifier through the circuit containing the 
treble and bass controls* 

iii) In the fully clockwise position (labelled "DA. 
for "Direct Amplifier") the selected input by- 
passes the tone: controls, which are hence in- 
effectual « 
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bo The selector switch is the seven-position switch at 
the top of the panel <, Whatever line is selected re~ 
mains connected to the phone jack and the volume con- 
trol 5 how it connects to the amplifier is determined 
by the function switch. Iji each case^ connection is 
made to the "1" indicator line of the flip-flop speci- 
fied below « Positions are numbered fipora 1=7^) starting 
with the fully counter-clockwise position o 

i) Position 1 goes to a clip lead in T3 labelled «LH 
Audio Out Spare." Jt may be attached to any indi- 
c"ator light in T3« 

ii) Position 2 goes to a clip lead in TIO labelled WRH 
, Audio Out Spare." It may be attached to any indi» 
cator light in TIO, but at the moment it is connect- 
ed to bit 6 of IE-2. 

iii) Position 3 goes to bit 3 of the Accuimilatoro This 
is the position in which most operators expect to 
find the switch. 

iv) Position k goes to the sign bit (bit O) of IR-i|.. 

v) Position 5 is the output of a ij.M3hannel resistance 
mixer ne-fcwork whose inputs are terminals 5-8 on the 
input Jones strip. At the present the sign bits of 
LRlp 'IR3s and IR^ connect to terminals 5-75 ^ ^ 
jumper from terminal ii. to terminal 8 is added, this 
position will mix the sign bits of IRl, IE35 iRks> 
and IR5« This position is useful for playing Im- 
part harmony with computer programs. 

vi) Position 6 is not connected. 

vii) Position 7 is not connected. 

3« Controls 

a. The treble and bass controls are effective only when 
the function switch (2a above) iis in the center (TC) 
position. 

b. The volume control is effective whenever an input is 
connected to the amplifier, but is out of the circuit 
when the function switch is in the counter-clockwise 
(SB) position. It has no effect on the voltage supp- 
lied by one of the flip-flops to the phone jack, but 
will vary the aii5)lification of a signal fed into the 
amplifier through the phone jack. 



II Audio Zeroc=€rossing Detectoor 
Ao Function 

The Audio Zero'-Crossing Detector in T3 is a cimde analogue^to- 
digital converter for getting into MTC information presented as an audio-* 
frequency voltage©^ In MTC this voltage is usually derived from a micros 
phone plugged into the detector chassis | its effect is to open a gate 
when the output of the microphone is above a certain level^ and to close 
the gate whenever the microphone output is below that level© The dis« 
crimination level is usually near zero^ so that the gate is open when the 
audio voltage, is positive^ but closed when the voltage is negatives 

Bo Program 

To make use of the detector one must write a program to inters^o- 
gate afe periodically and store the information obtainedo This can be dune 
as follows? 

There are two switches on the Video Switch panel in Tij. labelled 
^^kn6±o Zero-Crossing Detector Ih"^ which should always be in the same 
position ¥hen they are wpffw (both down) the detector has no effect 
on coii5)uter operation | when they are "On^^ the pulse initiating the read 
out of lE-ij. is made to pass through the gate^, IR-^k has the octal address 
77 on the read-in plugboard | thus the instruction^,, 

sof 

ca 77 

will produce in the accumulator the true contents of IR-l^ if given dur- 
ing a positive ha'lf=-cycl® of the audio voltage^ but will produce *0 in 
the accumulator if given during a negative half -cycle o By throwing the 
proper video switches the transfer«=type instructions other than to can 
be made to set IE«=.i|. to ^Oi hence the programraer can arrange to have all 
"l^s" in the accumulator if the microphone output was positive^ all "O^s" 
if it were negative*, See section li^ "Special Video Switches o" 

Co Controls 

These controls are all located on the front panel at the top of 

T3^ and are discussed in order ^ beginning at the lefto Descriptions of 

their uses are sketched^, and esqperimentation is necessary in every appli- 
cation© 

lo "Back~front" ^Toggle l|witch 

This is located just above the microphone connector 
and connects the detector either to it or to the one 
on the rear of the chassis « The detector has a high° 
impedance input suitable for a crystal microphone © 



±B a potentiometer just to the right of the front 
microphone connector | it is in the circuit only when 
the switch described in 3o below is in the "blank" 
position© Since the detector is basically an amplifier 
of the "Infinite gaia" or "saturated" type^ this setting 
should not be criticalo A setting of 5o5 has been used 
satisfactorily for normal speecho 

3o The Capacitor Switch 

This switch is just to the right of the gain potentio» 
meter^, shunts capacitors of various sizes for oOOlpf d 
to oOlpfd across the audio circuitc, thus limiting high-- 
frequency response o Experimentation in each applica- 
tion will determine the best setting o The fully counter- 
clockwrise position connects the gain control into the 
circuits 

ho The 2«Gating level" Potentiometer 

This is to the right of the capacitor switch and is 
unlabelledo It adjusts the level above which the 
audio voltage must rise in order to open the gate,, 
Too low a setting will cause the gate to be opened by 
noise and stray signals | too high a setting will lose 
information by preventing it from opening except on 
audio peaks 

5 o Polarity Switch 

To the right of the gating level potentiometer are the 
coaxial connectors for the input and output pulses to 
the gateo These jacks are in parallel with similar 
ones on the back of the chassis^ and these latter 
jacks are the ones that are permanently connected to 
the computer© The associated toggle switch controls 
the output pulse polarityi it should be thrown to 
lefto 
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PREVENTIVE MAINTENANCE PROCEDURES 

lo Marginal Checkings Lines 500-914-7 

Ao General 

Marginal checking is a technique of preventive maintenance 
wherein computer failiires are anticipated and located by measur- 
ing the: tolerance of various circuits to yaxiations in power 
supply voltage o In the usual procedure a test program is run 
on the computer, and one voltage to some small section of the 
computer is varied by means of the marginal checking circuitry o 
The difference between the normal voltage and that at which the 
program stops running is called the marginj any narrowing. of 
margins is noted in the Preventive Maintenance Notebooks, and 
may be cause for troubleshooting » 

Bo Amplidyne Control 

Variation is accomplished by adding to the supply voltage the 
output of a variable Amplidyne generator, the voltage of which 
is constantly monitored on a zero-centered voltmeter on the 
Amplidyne control panel in TlOo The Amplidyne is turned on and 
off with a toggle switch at the right of the Amplidyne control 
panel, and there is a red pilot to indicate whether it is mnningc 
Its output may be connected in series with the Ground, +9OV, 
+15OV, +25OV, -3OOV, or ~150V supply lines by means of the pro- 
per white pushbutton on the meter panels 

The meter range may be changed by a switch below the meter to 
a full-scale value of 100, 50, or 10 voltsv 

To. the right of the meter is a "Smooth-Step", toggle switcho 
When it is "up", Amplidyne voltage can be varied from -100 to 
+100 by means of the "Smooth Margins" knob beneath the met©r^ 
when it is down, deviation of the selected line from normal 
voltage is controlled from O-9O in steps by means of a strip 
switcho There are two. strip switches s one with red buttons 
for positive deviation, effective when the "Polarity Selector" 
switch is on "+" ; and one with black buttons for negative dev- 
iation, effective when the polarity selector switch is on "-"a 

Co Line Selection 



The marginal check panel consists primarily of ik rows of line 
selection switches, with 16 switches in each rowo Each switch 
is labelled with two line numbers; one above and one belowj 
these numbers range from 5QO-9^7'' When the switch is down^ 
both lines controlled by it are on normal power When it is up, 
marginal power is supplied either to the line named above the 
switch or the one below it, depending on whether the extra 
switch at the left of ti^e row is up or down o 

To the left of each row is marked the voltage normally supplied 
to the lines in that roWo A line, selection switch has no effect 
unless the An5)lidyne is connected to the voltage normally supplied 
to that line, but one should always leave line selection switches 
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doTm after checking <, 

Because of switcMng transients, the line selector switches 
should not he thrown while the computer is running o 

Do Paperwork 

There are in the PreTSjitiy© Maintenance Notebooks pages headed 
"MIC Marginal Checking Record" for each of the lines numbered 
500-9^7 that is connected o This page also gives the voltage of 
that line, and thus the information of where to find it on the 
marginal check panel; a list of units checked by it; the proper 
program to be used; and references to other pages for the same 
lineo On the page are colvanns for the Last Set ^fergin (that is, 
the values most recently decided upon as acceptable minimum 
margins), the Failure ifergin, and the date^ If, on a given date, 
the margins for that line are wider than the set margins, the 
date is staniped in the proper column to indicate that the line 
has been checked, and no further entry is made » If, on the other 
hand, the margins have harrowed below the last set margin, the 
margins are noted in the column under "Failure Margins", and an 
entry is made on the separate sheet headed "MTC Marginal Check- 
ing Report" for that day, giving the line number, the failure 
margins, the program run, and any remarks o Thus the "MTC Mbx- 
glnal Checking Report" contains a list of all lines checked on 
a particular day that were below their last set margins, to= 
gether with the margins actually obtained and' any eonments that 
the checker may wish to addo 

It sometimes happens that, when one starts with the Asmplidyne 
voltage at zero and gradually increases deviations, the program 
falls at voltage deviations somewhat wider than those at which 
it can be started overo This phenomenon is called hysteresis. 9 
and if it Involves differences greater than five volts, is to 
be recorded under "Comments" or "Remarks", together with the 
widest margins at which the program can be started overo 

Eo Procedure 

lo Turn on the Amplidyne by means of the "On - Off" toggle 

switcho 
2o Find the "MTC Marginal Checking Record" page in the Preven- 
tative Jfeiintenance Notebook for the line to be checked » 
3o Connect the Mplidyne to the proper power supply voltage by 

means of the strip switch with the white pushbuttons « 
4o Throw the switch at the end of the proper row up or down, 

depending upon whether the number of the line appears 

above or below the selector switcho 
5o Put the Margin Selector toggle switch in the "Step" (down) 

positiono 
60 5t art the test program running o 
"Jo Select the desired polarity with the polarity switch and the 

last Set Margin vpltage on one of the strip switches <" red 

for positive, bl^ck f or negativeo 
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80 -If the program continues to run at the Last Set Jfergin^ 
merely mark the date on the "MTC Marginal Checking Record" 
and check the other polarity o If the program fails ^ record 
under "Failure Ifergins" the narrowest margin at which the 
program won" t run on both the record and report sheets^ be 
sure to record the name of the program in the report sheets o 
Push the next voltage button to the rights thus decreasing 
the deviationo If the program cannot be started over at 
this margin/ there is hysteresis^ a fact that should be 
noted under "Comments" or "Remarks'% together with the 
■■■■widest margins at-vhich the prograk can be started overo 

Note^ Because of switching transients^ the program will 

stop, every time a line selector switch is throwno 

IIo Marginal Checkings Sense Amplifiers 

, In T9^ Just to the left of the amplidyne control panels is 
the. Sense- Amplifier Marginal, Check Panels consisting of two voltmeters 
with associated! voltage control knobs^ and toggle switches^ labelled 
from through 16, corresponding to the i7 sense amplifiers in the 
core memory o When a given toggle switch is down, the corresponding 
. sense ^amplifier ■ is receiving for bias the voltage indicated .on the left 
hand voltmeter (the one labelled "Sense Mplifier Bias")| if the toggle 
switch is up,' the, corresponding sense ' anrplifier receives for bias the 
voltage indicated ^,on the right, hand metero The adjusting knobs are 
potentiome.ters.'connected to. the normal computer. Do Co J therefore ^, it is 
not necessary "to , run. the, Aasplidyne when checking the,, sense amplifier 
biaso '. It is. 'customary to, leave all 1,7 sense aaiplifiers connected to 
the. left hand voltmeteri. the procedure in checking is 'to note the volt= 
age at , which the progr,am. stops rather than the ' excursions from normal o 
The paperwork .is the same, as 'that for lines 5.00»9^7J except that, if 
acceptable' margins are obtained when varying all, 17 lines together ^ 
the meter is.adjusted to jbhe mean of the two, voltage limits, and this 
adjustment , noted under ■."Re2Barks"o If unsatisfactory margins are ob-^ 
tained, one can try to locate the offending sense azKplifier or memory 
plane, by varying one bias at a time with the right hand knob and metero 

If the sense amplifier bias switches are thrown while the 
computer is running, switching transients will cause Gore Parity Alarmso 

IIIo Checking Cathode Followers 

In order to cheek, a,' cathode follower, tl^ie flip --flop driving 
it must be put 'in ■the proper. state for the cathode follower to be "up"o 
.One can then measure with .a vacuum tube voltmeter the difference be- 
tween the, grid voltage and the output (cathode) voltage o If the, cathode 
is (Oo 5 volt or more 'positive' with respect to the grid, the, cathode, 
follower is accep'tablej ■ if not, the cathode follower ' should be replacedo 
In either ■ case . an .entry shoiild be made in the appropriate cathode 
follower ,'sheet in the ■, Pra^reatlT®:. Maintenance Booko 

In most cases the ^ids of cathode ,. followers operate between 
levels ■.of ,+10 .volts; and -30 voltsj ^ thus, when ..a cathode follower is 
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checked, its grid should be at +10 volts and its cathode slightly more 
positive There are Wo exceptions to the above o One is a group of 
cathode followers in the Memory Address Register^ whose levels are -l^fO 
volts and -l80 volts instead of +10 volts and -30 volts o The other 
exception is a group of "Mod II Cathode Followers" in Panel Memory^ whose 
outputs are tapped down 10 volts on the cathode resistors and are thus 
about volts and ""^0 volt So 

The location of the flip-flop driving each cathode follower 
is given on the cathode follower sheet o In some cases it will be easi- 
est to check all the cathod.e followers associated with a register by 
storing all "one's" in that register and checking cathode followers on 
the "One" side, then storing all "Zero's" and checking cathode followers 
on the "Zero" sideo This can most easily be done from toggle switch 
storageo Some flip-flops must be set individually with the "tweeker", 
a portable device designed to provide the proper pulse to a clip lead; 
in some cases, such as in Memory Gontrol, it is necessary to disconnect 
the input cables from the flip-flops in order that they remain in the 
desired stateo 

One should take care that he does not complement the flip- 
flop wl^en connecting the voltmeter to the circuitry" 
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QUESTIONS 



1. DescrilDe the differences among "Start Over", "Start at 40", and 
"Restart". 

2. In what way does the blowing of a circuit "grasshopper" fuse affect 
the rest of the computer? How does it do this? Hbw do you recover 
from this type failure? 

3« During air conditioning failure wliat are the maximum allowable tem- 
peratures and where are they measured? 

ko Describe the steps necessary to use LR3 s-s register O-kk, 

5- The computer stops on a Core parity alarm. How was this alarm 
detected and what are possible sources of the trouble? 

6. What is the difference between "Flexo" tape and "k-S-S" tape? 

7. What is the purpose of the card machine plugboard. 

8. Can valuable information on magnetic tape be protected against 
destruction from accidental writing? Explain. 

9. What is the purpose of the "Video Switches" on the console? 

10. Computer power has dropped to Standby of its own accord; what is the 
status of the high voltages to the display scopes? Is it safe 

to work on display? 

11. Describe audio monitoring of MTC programs. 

I 

12. Explain the steps necessary to select Marginal Checking Line #597 
and determine its exact positive and negative margins. 

13- Describe "loading" a magnetic tape drive. 

lif. How do you install a new roll of paper tape on the Flexowriter? 
What happens if the old roll is allowed to run out completely? . 

15 « What happens if the card machine runs out of cards while reading 
or punching? 

16. Describe the process of checking Marginal Checking Line #838 to 
predetermined excursions of +40 Volts and -30 Volts. 

17. How does each of the following appear in a register of indicator 
lights? ca 20, -t-357i^2, tr 2765, 1.765^3 (numbers are in octal) 
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18. In what way are "Stop Reader" and "Deselect Magnetic Tape" similar? 

19. Are there circujastances under wMch certain alarms can be ignored? 
If so, how is the computer directed to ignore them? 

20. Describe the process of "reading in" a program on paper tape. 
21 o What is a Sensitrol? What purpose does it serve? 

22. The switch for bit of register 0-0 is defective (open). How 
can you start a program stored in core memory? 

23. Is it possible for the air conditioning control to call for cooling 
and heating at the same time? Explain. 

24. What alaiTO is affected by instructions pf k and pf 5? Esqolain. 

25. What special check is made on Mod 1 cathode followers? Why? 

26. How is the Zero-Crossing Detector used? 

27 • How do you prepare the Fairchild Camera for use? 

28. When is use of the "Clear CPC" required? Why? 

29. What happens if the compressed air supply for the air conditioning 
control fails? 

30. Describe how you would set up the card machine for reading. For 
punching. 

31. Describe the "Standby" condition of MTG power. 

32. Describe "unloading" a magnetic tape drive. 
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MTC Service Manual, Section 2 



PROGRAMMING FOR MTC 



a. Directing a Computer 

b. Starting and Stopping 

c. Simple Arithmetic Operations 
d« Comparisons 

e. Word Manipulation 

f. Loops 

g« Programmed Switch 

h. Indexing 

i. Audio Output 

j. CRT Display 

ko The Automatic Camera 

1. Memory Selection and Use 

m. Auxiliary Storage; The Magnetic Drum 

n» Paper Tape Equipment 

o. IBM Card Equipment 

p. Magnetic Tapes 

q. Dispatchers 

r. Use of Stored Tables 

s. Subroutines 

to Planning the Program 

•w. Plow Diagrams 

V. Coding 

Vo Fixed and Symbolic Addresses in coding 

x» Conversions 

y. Program Checkout 

z. Modifying Existing Programs 

A. Manual Intervention 

Bo MTC Instructions and Their Variations 
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PROGRAMMING FOR MTC 



y. Questions 
Z. BilDliography 
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Seirice Manual, Section 3 
RECOBDS and EROCEDURES 



Users 



a» CaiHputer Schediile 

b. "Live Messages" Board 

c. The Operation Log 

d. Film Requests 

MTC Personnel 
Work Requests . 

e. Modifications 

f . Construction Requisitions 

g. Purchase Requisitions 
h. Work Orders 

i. Tape and Card Preparation 

Computer Operation 

J. Technician Work Schedule 

k. Computer Watch 

1, Checkoff Lists 

m. Incident Reports 

n» MTC Log Reports 

o« Marginal Checking Records 

Documentation 

p« Memorandums 

q,f Biweekly Reports 

r. Reliability Reports 

s. Standard Symbols for Logic 

t. Prints and Print Files 

u. Wiring and Cabling Schedules 

T» Timing Charts 
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HOLLERITH LOG RECORD 



The infoncation contained in Incident Reports, the MTC Log, 
and Component Test Reports is valuable chiefly for trouble-shooting 
and other short-range maintenance; it is also useful, however, as a 
detailed history of the computer's operation, needed for evaluation 
of design safety factors and long-range component reliability » As 
run-of-the-mill faults are corrected, intermittent failures become 
responsible for most incidents, and these may require a detailed 
statistical analysis o 

To make logged information available for quick statistical 
analysis, a system of Hollerith cards has been set upo A detailed 
table of the code is given below, but a general description may be 
helpful o 

A new caird is started each day at midnight, and runs until 
the first incident or until the first change in disposition of the 
conrputero Subsequent cards cover succeeding periods of time, so that 
the entire day is accounted for » If the con^iuter performed satisfac- 
torily in an interval, the time is. described, on a "useful time card, 
type Ao" If an incident occurred, the useful time. card is terminated, 
and the. period of failure is accounted for on an "incident card, type 
''B (altemat^" The cards are distinguished by column k, which is 
blank for a useful time card, but contains a dash (11 punch) for the 
incident cardo 

Cards are prepared by a member of the MTC office staff.. 
The first step is to scan the log for the day under study, preferably 
after the MTC Coniponent Test Reports have been returned from Component 
Testo The MTC office has standard 80«column sheets with headings cor- 
responding to the type A and type B cards, and with one line for each 
cardo The part of the task involving judgment is to fill out these 
sheets from the log, using the outline below as a guide o Several items 
have been deleted recently, and the corresponding columns should be 
left blanko In entering numbers, left zeros should in general be 
included o 

The actual key punching is sinrple, once the 80-column sheets 
are completed o 
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USEFUL TIME CARD - TYPE A 



ITEM 


COLSo 


IWFORMATIOH 


1. 


1-3 


IBM Room Identifica- 
tion, "OOti" for MTC 


2. 


h 


No punch 


3- 


6 


Day of Week 
"lo" Monday 
'.'2..V Tuesday 
'.•3o" Wednesday 
^]ko" Thursday 
"5." Friday 
"6," Saturday 
"7o" Sunday 


k. 


8-12 


■ 'x^k Date-. 




8 


Year (low-order digit) 




9-10 


Month. 




11-12 


Day of Month 



5» 



14-15 



17-20 
22-25 



8< 



26 



Card number for the day 



Time Start 
Time Fin^^gJi 



Punch "A" if DC was 
Off 



REMARKS 



"11" punch (dash) here 
for incident card 



Starts with "01", 
Card "01" must be a 
Useful Time Card; if 
computer is down at 
midnight, make card 
"01" a Useful Time 
Card with Time Start 
and Time Finish the 
same. Mak^ card "02f' 
an Incident Card 
starting at 0000. 

In the case of rou- 
tine component re- 
placement involving 
no lost time, a 
single Useful Time 
Card will be punched 
for the whole main- 
tenance period, fol- 
lowed by one incident 
card for each item 
replaced. 

It^ added 1 May 1957« 
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ITEM 



COLS. 



INFORMATION 



REMARKS 



a 



27-28 



System Assignment 
"A." Program Operation 
"ao" Conversion 
"b." DDT-DDR 
"c»" LRI 
"d." Display 
"e," GFI 



These subcategories 
deleted 1 May 1957. 
If "A" punched is 
col, 27, leave col. 
28 blank. 



"Bo" Program Checking 
and Analysis 
"a." Post Mortem 



'Co" Marginal Checking 



"Do" Preventive Main- 
tenance 



If any marginal 
checking is done, 
punch "C" even though 
a program listed under 
"E" is run. 



"E o " Test Programs 

"ao" MP 60 (Cores) 
"bo" TI5 (Drum) 
"Co" T5(Ziegler's 
scope test) 
T12 (PETR) 
Card Machine 
Tqst 

Flexo Test 
(print or 
punch) 
MC-lOO 
Alarm System 
. Test 
"i." t6 (Magne^iic 
Tape Test) 
Conversion 
T6st 



"a. 

"e. 
"f. 



"h. 



"J. 



Punch "E" only if only 
a few programs are 
run. For complete 
checkout, punch "H** 
after 1 May 1957. 



"h" not yet written. 
Added 1 May 1957- 
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ITEM COLS. 



INFORMATION 



REMARKS 



"F." Engineering Changes 
"a" Modifications 
"b." Installation of 
New Equipment 
Development of 
New Equipment 
Improvement - MTC 
Improvement - not 
MTC 



"Co" 



Unscheduled Time 



•hV Computer Checkout 



Added 1 May I957. If 
computer checkout is in 
progress, punch this 
rather than making a 
separate card for each 
program listed under 
"E". 



lOo . 30-31 



Incident 
"A'l Successful Operation 
"B" Successful Operation 
- interrupted 
Punch error 
Print error 
Camera 

Console Scope 
Camera Scope 
Card Machine 
PETR 
Drum 

Charactron 
Power Supply 
Flexo mechanical 
failure 
DDR-DDT 
Accidental 
Unknown 



"a;v 
"hV 



"f'i 
"il' 

tl iU 

■ J • 

"k" 



After 1 May, 1957, always 
make out a type B card 
for failure, even no lost 
time incident. 
Hence, punch "A" in col- 
\imn 30, leave cols. 30- 
37 hlank. 



llo 33-3^ 
12., 36-37 



rteins under Incident 



Distributed. Lost Time 
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ITEM COLS. 



13 « 



38-Uo 



IKFORMATION 



Unused Scheduled Time 



REMARKS 

If a prograimner leaves 
early, or starts late 
not because of overtime 
of his predecessor, 
the unused time is 
punched in cols. 38-^0 
in hours, tenths, and 
hundredths. 



Iko 



i^2-it3 



Alarms 



15« 
16. 



68-73 
75-80 



A, 


Core Parity 


B. 


Dnmi Timing 


C. 


Fuse 


D. 


Drum. Parity 


E. 


Card Copy 


F. 


Illegal Overflow 


Filament Hours 


Plate Hours 



Deleted 1 May 1957 



Record full 6 digits. 
Readings should he 
taken once each day, 
as near midnight as 
possible, and recorded 
only on the first 
card each day. If 
taken early or late, 
readings can he 
extrapolated to mid- 
night. 
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I!EEM 



COLS. 



INCIDENT CARD - TTPE B (ALTERNATE) 

INFORMATION REMARKS 



10-9. 


1-29 


Seine as for !^ype A 
Card 


Denote type B card by 
"dash" ("n" punch) 
in col. .k, . 


2o 


k 


"Dash" ("11" punch) 
Here for 5^e.. B Card 


Column four "blank on 
type A card. 


10. 


30-31 


Incident 





11. 



33-3^^ 



12. 



36-1^0 
36 

37-38 
39-^0 



A. Failure-explainable 

a. Continuous 

B. Failure-unexplain- 
ahie 

b . Intermittent 

C. Component replace- 
ment 

Do Emergency Main- 
tenance (MTC time 
overrun) 

Item under Incident 



PhysicEil Location 
Frame, letter . ( S, T, A, C ) 
Rack number 
Panel number 



When more than one 
component is replaced 
at one time, each is 
described on a sepa- 
rate card. Number 
in cols. 33-3^ starts 
at"01" for the first 
card of the series if 
replacement occurred 
during othen than 
scheduled MTC time; 
otherwise the series 
starts with "02". 
The condition for 
tallying cards in com- 
puting lost time is 
that "01" appear in 
col. 33-3^ of the first 
type B card. Always 
number the first card 
"01" if a failure 
occurred. 
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ITEM COLS. 



INFORMATION 



13o ^2-4? 

Ih. ij-9-53 

15. 55-60 



16. 



62-63 



Panel Name, 



Panel Serisil Number 



REMARKS 

See standard list of 
abbreviations. 

For test equipment 
panels, omit the 3- 
digit number preceding 
the hyphen. 



Component Identification 



"Ao". Rectifier 




( selenium) 




"B." Socket 




"C." Capacitors 




"D," Diode 




"B." Terminal-terminal 




strips 




"F." Lug 




''G." Pushbutton 




"H." Video cable 




"I." Pilot lamp 




"J," Jack 




"Ko" Relay 




"L." Ilnduction 




"Ho" Bolt-nut 




"0." Other (specify) 




"Po" Plug 




"R."' Resister 




"So" Switch 




"T." - Transformer 




"Vo" Tube (any type) 




"W," Wire 




"Xo" Circuit breaker 




Nature of Defect 


This can often be 


(62) Mechanical 


determined from returned 


"A. " Broken 


Component Test Reports 


"Bo" Loose 


if not from log it- 


"Co" Worn 


self. 


"Do" Bent 




"Eo" Dirty 




"Fo" Dug 




"Go" Burnt Out 




"H." Bad Solder 




"I," Out of ad jo 




"Jo" Timing 




"Ko" Corroded 




"Lo" Leaky 




"Mo" Jammed 
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lOEM 


COLS a 


INFORMATION 

Nature of Defect 
(63) Electrical 


REMARKS 






"A." 


Shorted 








"B, " 


Open 








"C." 


Low "back res • 








"D. " 


High forward res. 








"E." 


Intermittent 








"F«" 


Gone to air 








"G." 


Low margins 








"H." 


Microphonic 








"I»" 


Unknown 








"Zo" 


Ifo defect 




17. 


65 


Cause of Defect 


Leave blank if no 






"A." 


Manufacture 


defect. 






"B," 


Accidental 








"C." 


Incorrect applicar 
tion ' 








"D." 


Improper installa- 
tion , 








"Eo'' 


MEirginal excursion 








"F." 


Incorrect wiring 








"G." 


Other component 
failure 








"I," 


Age 








"Jo" 


Faulty workmanship 








"Ko" 


put Qf adjustment 








"Lo" 


Unknown 




18 a 


67 


Corrected 5y 








"A." 


Replacement 








"Bo" 


Repair 








"Co" 


Modification 








"Do " 


Adjustment 








"Eo" 


Cleaning 








"F." 


Removed 








"Go" 


Restored to operation 
but not corrected 








"Ho" 


Disappeared spontaneously 


19 o 


69-70 


Why Suspected— Symptoms 





"Ao" Alarm 

"a." Core Parity 
"b." Dinim Timing 
"co" Drum Parity 
"do" Card Copy 
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ITEM 



COLS. 



IMFOBMATIGN 



REMARKS 



"Bo" Fuse Blown 

"a." Memory 
"b." Power 
"c." Marginal 
Checking 



"C." No Read-in 



"D." No Print Out or 
Punch Out 
"a." Incorrect 

print 
"h." Incorrect 

punch 



'E." Program Does Not Run 



"Fo" Bad Spot on Display 
"a," No spot 
"h." Low intensity 
"co'V Out of focus 
"d." Excessive fly- 
back intensity 
"e." Deflection non- 
linearity 



"Go" Operation Observation 
"" " Sight 
Sound 



■a, 

"bo" 
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ITEM COLS. 



INFORMATION 

"c." Smell 
"d." Touch 



BEMABKS 



'H." Marginal Checking 



20o 



72 



21, 



74-78 



Hov Isolated 

"A." Reliahility Program 

"Bo " Special Program 

"C." Cyclic Program 

"D." Signal trace 

"Eo" Neon indication 

"Fo " Piilse-by -pulse 

"G. " Marginal excursion 

"H." Knowledge 

"Lo" Logical deduction 

"U," Component tapping 

"No" Visual observation 

Component Test Report or Mod 
Notice Number 

Col. (7^^) - "M" if mod. notice 
number 
- first digit if log 
report number 
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STANDARD ABBREVIATIONS FOR PANEL NAMES 



AG Add High Speed Carry Complement Mixer ACACCM 

AC Add ELgh Speed Carry Gates ACAHCO 

AC Carry In and Out Gates Mod I ACIOG 

AC Cariy Mixer ACCM 

AC Complement SR, CR Mixer ACCSCR 

AC and PM Out gates and MD Inverter, Mod II ACPMOG 

AC Partial S\m Cathode Follower ACPSCF 

AC Shift Gates Mod II ACSG2 

Alarm Indicator Panel Mod II ALIP2 

Alarm Relay Panel ALRP 

Alarm Suppression Gate Panel ALSGP 

Alarm Suppression Switch Panel ALSSP 

Alarm Position Counter and BR Ingates APCBRI 

Angular Position Counter Crystal Mixer and Jack Panel APCCMJ 

AR i"0" Cathode Follower AROCP 

AR "If Cathode Follower ARICF 

AR In|)ut Mixer Mod II ! ARIM2 

AR Mixer and Jack Panel ARMJP 

AR "l!' Out To CS, ECS, SC PAR MAR Gates ARIOG 

AR "Of' PAR and MAR PC "0" To PAR and MAR AROPCO 

AR Toi' TAF Gates ARTAFG 

Audio Amplifier AA 

Audio Zero Crossing Detector AZCD 

Automatic Camera Control ADCC 

Automatic MoD. Digit Selector AMDDS 

AMD Mixer and Jack Panel AMDMJP 

BoR. Cathode Follower BRCF 

BoRo Mixer and Jack Panel BRMJP 

BR Shift Gates Mod II BRSG2 

Buffer Amplifier Panel Mod I BAP I 

Buffer Amplifier Panel Mod II BAP 2 

Camera Control Rectifier CCR 

Card Machine CRDMX 

Card Machine to BR Mixer and Jack Panel CABRMJ 

Card Machine Read Gate and Punch Thyratron CARGPT 

Cathode Follower Panel Mod II CFP2 

Cathode Follower Panel Mod IV CFFk 

Cathode Follower Panel Mod V CFP5 

Cathode Follower Panel Mod VI CFP6 

Charactron Control Mixer and Jack Panel CHCMJP 

Clock and Clock Control CCC 

Coincidence Detector Panel Mod II CDDP2 

Command Buffers CB 

Command Mixers CM 

Completion Pulse Generator COMPG 

Control Switch Flip Flops and Power Cathode Followers CSFFPC 
Control Switch Matrix . CSM 

Cyclic Control CC 
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STANDARD ABBREVIATIONS FOR PANEL NAMES (Contd. ) 



DoC. Distriljution Box 

Delay Line Amplifier 

Delay Line Panel Test Equipment 

Drxim Address Register Mixer and Jack Panel 

Drum Address Register Selection Matrix 

Drum Field Switch 

Drxjm Field Register Output Matrix 

Drum Rotor Panel 

Drum Read Out gates 

Drum Read Switch 

Drum Timing Panel 

Drum Write Register Ingates 

Extended Control FF 

Extended Control CF 

Ferranti PETR Clutch and Brake Control 

Ferranti PETR Control 

Filament Power Panel Mod III Test Equipment 

Filament Transformer Mounting Panel Mod I, III 

Filter Panel Power Room 

Flexowriter Control 

Fuse Panel -Core Memory Filaments 

Gate and Delayed Pulse Generator Test Equipment 

Indicator Light Panel Mod I^ II (Flip-Flop) 

Indicator Light Panel Tape Adaptor Frame 

Inhibit Gate Generator 

Intensification Ga,te Aiap o 

Interlock Power Supply Panel 

LR 1 Mixer and Jack Panel 

LR 1 and 2 Ingates 

LR 1 and 2 Outgates Mod 2 

LR 1 to 3 and LR 2 to it- Gates 

LR 2 Mixer and Jack Panel 

LR 3 and k Cathode Follower Mod 1 

LR 3 and h Ingates 

LR 3 and i»- Outgates 

LR 3 Mixer and Jack Panel 

LR 5- Mixer and Jack Panel 

IM ^ In. and Outgates 

LR 5 Mixer and Jack Panel 

Magnetic Diian 

Magnetic Tape Control 

Medium Mode and Unit Gates 

MC Blown Fuse Indication Panel 

MC Control Panel 

MG Fuse Panel 

MC Toggle Switch Panel 

Memory Control 



DCDB 

DLA 

TBDLP 

DARMJP 

DARSMA 

DFS 

DFROMA 

DRP 

DROG 

DRS 

DTP 

DWRIG 

ECFF 

ECCF 

PTRCBC 

PTRCP 

TEFPP3 

FTMPl (-3) 

FP 

FLEXC 

FPCMF 

TEGDPG 

ILPl (-2) 

ILPTAF 

IGG 

IQA 

IPSP 

LRIMJP 

LR12I 

LR1202 

LR1324 

LR2MJP 

LR3iK3F 

LR3i^I 

LR3^0 

LR3MJP 

LRIMJP 

LR5I0 

LR5MJP 

DRUM 

MTC 

MMUG 

MCBFIP 

MCCP 

MCFP 

MCTSP 

MC 
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STANDABD ABBREVIATIONS FOR PAKEL NAMES (Contd. ) 



Memory MC Control Panel 

MAR Cathode Follower 

MAR Decoder Panel 

MAR Matrix Fuse Panel 

Memory Plane Mod 3 

Multivibrator Pulse Generator Test Equipment 

Parity Check Panel A (b) 

PAR Crystal Matrix 

PAR Crystal Mixer and Jack Panel 

Panel Memory Cathode Follower 

Panel Memory Conversion Matrix 

Panel Memory Address Line 

PFR and OFR 

PlugboEird Storage 

PoUo Cathode Follower Mod I, II 

PoUo Digit Plane Driver Mod II 

PoUc Brim Field Driver 

PoU« Drum Read Amplifier Mod I 

P,Uo Drum Read Driver Mod I 

PoUo Drum Write Driver Mod I 

PoUo Drum Writer, Left Hand, Mod I 

PoUo Drum Writer, Right Hand, Mod I 

PoUo Dual Buffer Mod I 

PoUo Flip Flop Mod II 

PoUo Gate Amplifier 

PoUo Gate Tube Mod II 

Card Machine Read Gates 

Register Driver Mod III 

Sense Amplifier Mod II, IV 
PIUMP 19" 
PIUMP k3" 

PIUMP Digit Plane Driver Mod II 
PIUMP Drum Field Driver 
PIUMP Drum Writer 
PIUMP MvAoRo 

PIUMP Sense Amplifier Mod II 
Power Distribution Panel Mod I, II, III 
Probe System Jack Panel 

Program Coimter in-out Step Counter In-gates 
PC and SC- Carry Gates, PC to LR 2 Ingates 
PC and SC Mixer and Jack Panel 
Push Button Panel 
Regulator Amplifier 
Selection Matrix, Core Memory 
Sequence Gates 
Sequence Switch 
Soroban Punch 



PoUo 
PoUc 
PoUc 



MMCCP 

MARCFP 

MARDP 

MARMAF 

MP3 

TEMVPG 

PYCKPA (b) 

PARCMA 

PARMJP 

PMCP 

PMCMA 

PMAL 

PFROFR 

PBS 

PUCFl (-2) 

PUDPD2 

PUDFD 

PUDRA 

PUDRD 

PUDWD 

PUDWLH 

PUDWRH 

PUDB 

PUFF2 

PUGA 

PUGT2 

PUCARG 

PURD3 

PUSA2 {k) 

PP19 

PP45 

PPDPD2 

PPDFD 

PPDW 

PPMAR 

PPSA2 

PDPl (-2, -3) 

PSJP 

PCSCGl 

PCSCG2 

PSCMJP 

PBP 

RG 

CMSMA 

SG 

SS 

SP 
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STANDARD ABBREVIATIONS FOR PANEL NAMES (Contd.) 

Start Stop Panel SSTP 

Tape Adaptor Frame TAF 

Ten Bit Decoder and Line Driver BDLDIO 

Toggle Switch Storage TSS 

Video Switch Panel VSP 
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MODIFICATIONS^ Permanent 



Proposals for permanent changes to MTC must "be submitted on the 
Standard "MTC Modifications" form (DL-603) and must be properly author- 
ized before any of the work is started. No modification is considered 
complete until it has passed through all the stages described below and 
has been officially tested and approved. 

An authorized modification notice is required for any permanent 
change to the computer system as made available to MTC users* This 
includes all system auxiliaries that can in any way affect the availa- 
bility of the computer in its entirety to its users. 

A modification may be requested by anyone proposing a change 
in logic, circuitry, or physical arrangement. Direct replacement of a 
damaged or suspect component does not constitute a modification and 
should be handled by the "MTC Log Report" accordiag to the procedure 
described under that title. 

Each modification notice most contain all the information nec- 
essary for its completion. This infoiaation usually includes additional 
attachments such as corrected prints^ l±»ts of Serial Nos., the print 
change notice, informal sketches, aM aay also include references to 
related modification notices. All blaaidc* at the top of the form are to 
be filled in even if only by words such as "none" or "does not apply". 
Be sure to state clearly and)eoneisely the reason for the modification- 
The originator of a modification notice retains the yellow copy for his 
file and submits the white and the pink copies to the MTG Office ( R. 
B. Pugliese ) for checking and authorization. 

When submitted to the MTC office for authorization, modifica- 
tion notices will be checked for ednfbrmity with Section standards of 
logic, circuitry, mechanical design, and installation practices. Al- 
though various members of the Section may investigate a given modifica- 
tion proposal no work on the modification may be done until the notice 
has been "Authorized By" H. L. Ziegler. 

After authorization of a modification the white copy and the 
print change notice are held in the MTG office in the "Pending Modifi- 
cations" file until the work of the modification has been coiirpleted. 
The pink copy and all attachments (except the print change notice) to- 
gether with the necessary coniponents are turned over to J. J. I^nach 
for assignment of the work to the proper technicians. Each technician 
who works on the modification Initial's the proper line on the notice 
form. .'Upon completion of the modification, the work is inspected for 
workmanship and then is checked by performance tests of the affected 
portions of the computer. Anyone m^sy be designated to do part or all of 
this checkout but the modification is not considered complete until it 
has been signed by A.. D. Hughes as "Tested and Approved". 
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The piiik copy with attachments, completely initialed and signed, 
is returned to the MTC office • At this point the information on this 
copy is used to correct clLL pertinent prints - those in MTC files as 
well as the "marked-up" print suhmitted with the print change notice to 
Drafting*. 

The pink copy is now held lit the "Pending Print Revisions" file 
until Drafting has c^|i^3^«^1^,e<| the print corrections and corrected prints 
are in the MTC files* "- It -this tijn<5 the white copy of the modification 
notice is removed from the "Pending Modifications" file and is stapled 
to the pink copy* The two copies are then filed under Completed Modifi- 
cations where they will "be retained Jfc^ reference pusposes. Although 
no specific length of time has "been 00t it is suspected that these com- 
pleted forms will be kept on file' foi? a year or more. Anyone referring 
to these completed forms should'hear im mind that the only true copy of 
the modification as actually perform.ed is the 2Hi^ copy. 



yS^DTFICSaSlOW^ Temporary 



Proposals for temporaiychangos to MTO should be submitted on 
"Inter^Offlce Cprreffipondence" forjas a® "Itoporary Modification to M3X5"« 
Such requests for modif ications rauffit be properly authorized before any 
■work is don® • 

Tezsporary modifications are those done to e¥e^ 
design changes^ to aid in difficult troubleshooting situations^ or as 
a "quic3£-f ix" of intolerable conditions. Specific details should be 
given ¥hen knowno If it is" not possible to specify individual coiirpon- 
ent^ or the exact nature of the change the request should localize the 
area affected and describe the change® to the extent Jaiorai- 

The originator of a temporaa^y modification request should re- 
tain the yellOT«r copy for his file and submit the white and the pink 
copies to the MTC Office ( R# B* Pugliese )« After proper authori ° 
zationof the request by Ho L. Ziegler or A* D«. Hughes ^ the 
pi3ik copy will be returned to the originator as hi® work sheet. The 
white copy will be held in the MTG Office as a record of an inccmplete 
tejjrporary modification* 

When the modification work has been done the pink copy should 

be revised to provide an acciirate description of the: work a.s^- ^actually 
don@ o The pink copy should then be returned, to the MTC Of f i<se :"(' . ' R« 
B, Pu^iese ). 

Special tags are kept in the con^uter rocm and are to be 
attached to the affected area at. the time of the teiaporary modification- 
On this tag should be written a brief description of the modification^ 
the Baim of the person originating it ^ and the date on which the work 
was donea 

Changes that rm;^ af f eet iisers of the computer should be recorded 
on the "Live Messages" board (lociated near th© operation coaasole). Such 
messages sboiald include the date aad the initials of the person writing 

Evaluation of a teoippraiy mMif ication must be coEipleted within 
two weeks after the actual modification work is done • By the end of 
this period evearything affected . imist have been 'restored to its ©-riginal 
condition, or the changes made must have been written up as a pegaonent 
modification- In either ease, once pemanent conditions have been re- 
established the tag and the "Live Message" are removed. and the tgasp erary 
modification is completed by inspeeticsn aad checkout of the work* When 
satisfactory, the work sheet (pink copy) will be signed "Tested and 
Approved" by A. p. Hughes and will be returned to the MTG Office., 
At this point the white copy will be withdrawn from the file of. ** Income 
piete TCTporary Modifications" to clos^ out that modification as c«3|jpl@te« 
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CONSTRUCTION REQUISITIONS. 

Gonstraction requisitions (foim DL-73-3) are reqiiired when re- 
questing work from one or more of the following? 

1« Sheet Metal Shop 

2. Machine Shop 

3. Electrical Shop 
k* Inspection Shop 
5. Outside Vendor 

Items not listed ahove are handled as Work Orders or Purchase 
Requisitions hy procedures descrihed under those headings. 

All Construction Requisitions must he processed through the 
MDG Office ( R. B. Pugliese ) for necessary slgnatiares and for use 
in esjpeditingj stock records, etc. The original copy is then submitted 
to the Production Control Office (PCO, M. J, Bright, D-I39). Here the 
remaining information such as estimated times and completion dates are 
added by PCO. New copies are then typed and sent to those concerned. 
For MTC. one copy is sent to the MTC Office for its files and another 
copy goes to the originator. The MTC copy is kept on file for reference 
purposes even after all work requested has been compieted. 

Individuals may either write their own Construction Requisi- 
tions to be submitted to the MUG Office or they may supply t?iat office 
with the necessary information as described below and let the office do 
the required paper work. Only one job per requisition f orsa :is ailowed. 

Preparation of Construction Requisitions; 

A. Box in upper right comer of form 

1« Originator signs indicated line 

2, PCO supplies proper CR number (when request reaches PCO) 

3 J MIC Office fills in Date, Project No,, and Account No, 

B« Table to left of box (see A above) ,; 

1, Purpose - — "• - — Check pK^grp^^ item 

2, T^e of Construction - " " " 

3, Shop - - - ----- - Check one or mdre items, as required 

k. Est, Time - - - - - - To be aMed by PCO 

5* Approved by - - - - -. M3iC Office sup;^iiee necessary si^- 

-aiures 

C. Name of Assembly - name of device being constructed. This 
be the Siame as used on driawings if stick^^^e^ 



D, Table covering r^st of form 

1, Drawing No, - - - - - Supifly print number only; PCO will 

acq\;ire prints as needed, 

2, Description of part - Nam^a of sub-assemblies or compon- 

ent ^arts illustrated by eorrespond- 
iiig print. Name must be same as. on 
priht, if given tbejre. 
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If assembly is identified by serial numbers 
the starting serial number for the requested 
quantity must be given. 

3. No. Reqdo Quantity of this item required. Originator 
U3ually specifies only number of complete 
assemblies desired; quantities of eonrponent 
parts are entered by PCG. 

if. Date Needed Be realistic' 

MX remaining items are completed by PCO. 



In ceiijain special cases and at the discretion of PCO some 
construction req|nisitions have been accepted with sketches when formal 
prints did not exist. Usually this was done to avoid excessive delays 
in critical items- Such ex<jeptions should be considered as "special 
privilege" and something not to be abused. Always use formal prints 
when they exist or there is sufficient time for them to be drafted. 
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PURCHASE REQUISITIONS 



The Purchasing Department can obtain material not carried 
in the Division 6 Stock Room or unavailable from the Stock Room in 
sufficient quantityo 

I General Procedureg 

A Requisition Work Sheets , fonn DL-998-2, should be obtained from 
the MTC off ice^, filled in according to the instructions beloWp 
and returned to the MTC office, B-]fe5 (R* B« Pugliese)* The 
office staff will coii5)lete the requisition^ obtain necessary 
signatures^ and forward it to the Purchasing Department^ via 
Ho B» Morley of Division 6 Material Requirements Office, D»109o 

II Preparing a Purchasing Requisition Woik Sheets. 
A* l^per Left Hand Corner of Foim 

1» Supplier'«'=°will be filled in by Purchasing Department 
unless a request is being made for a special item which 
is handled by one vendor or distributors This usually 
happens only when contact with the distributor has 
been made by the requisitioner* 

^* ;JJL^° of««applies only when direct contact with vendor 
, r«epr0seritative is made© 

Bo Upper Rieht Hand Corner 

!♦ Date-»date form is prepared* 

2o, Date Delivery is Required— approximate date* 

3o Bldg o°"°Bldge. E Receiving Room (filled in by MTC office) o 

ho St^ntion— 'filled in by MTC office # 

5o Account Ho» ""filled in by MTC office* 

Co Center Section 

1». Quantity 

^* ^Qscrip t ion"- clear, concise, and complete descroptiono 

3» Price— if available^ 

Do Material, to be Used for-"»state reason 

Eo. Bottom Section 

1» Wanted bgr— to be filled in by MTC of f ice* 

2o Grouo— Group 6k<* 

3* Bldg^ ,°>°°B, 

ho Room^^B^l^^Q. 

5o Taahone— 7231* 
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A sanple Requisition Work Sheet, shown in the form in 
which it shoTild be presented to the MTC office (R*, B» Pugliese) for 
expediting,, is shown on the next page o 

HI Book Purchase Reguests s 

The Lincoln Laboratory will not purchase books :for individuals 
but mil acquire and i)ut in its library, A-229, most books on 
request. The Book Purchase Request^ ^ form plf-ii78, is self- 
explanatory; when coirpleted, it should be turned in to the MTC 
officeo 



MASS. INSTITUTE OF TECHNOLOGY 

LINCOLN LABORATORY 
DIVISION 6 

REQUISITION WORK SHEET 



Suggested Supplier 



Address 



Attn, of 



Date 



7-26-57 



Date Del4 


Reauired 8-7-57- 




SHIP TO:. 


Btdg. 


•^ Receiving Rm. 


Attn: 


Tel. 


Account ^ 


lumber 



QUANTITY 


UNIT 


DESCRIPTION 


UNIT PR. 


PRICE 


100 


ea. 


G.E., m-n Neon lite Tuloe 
















25 


ea. 


R.C.A., 5TJ)+G Tube 
















2 


sets 


V-221 Fan Belts (each set matched) 
















1000 


ea. 


Allen Bradley,, 220 ohm 1 V/att Carbon Resistor 














• • 


6 


ea. 


Sxjraguep (S'M-329., Tubular Paper Capacitors 
















2 


ea. 


Stancor, P-6135 Filament Transformer 










• 
































. • 

























Material is to be used for: M.ToC. 



<N Wanted by 



.Group 



6k 



Bidg. 



B 



Room 155 



J) Telephone 

Q 



7231 
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WORK ORDERS 

When requesting any of the services listed "below a standard 
Lincoln Lahoratory Work Order form should be used. All such retjuests 
must be mad® through the MIG Office ( R» B. Pugliese ). where sheet 
number 2 of the toim will be retained for the office files. From these 
files the MUG Office will do the necessary follow-up and e2i)editing work. 

Work Orders a^e required fors 

1. Building Senrices (adarfflss to George Richardson, Bldg E^) 

a. Electrical (Lights, outlets, bldg. distribution, 

' inter-com) 

b. PliMbing aaad Heating 
Co Mr conditioning 

d. Transportation of' Equipment 
@. Gleaning and WajdLng 
f. Building Alterations 

2. Office Equipment and Furniture (address to Joseph Bova, 

Bldg. A-270) 

a. Desks and Chairs 

b. File Cabinets 
Co Fane 

d. Typewriters, Dictation Equipment 

e. Desk. Calculators 

3o Telephones and IBM Equipment (address to Robert E. Ceirter, 

B-110) 

a« Telephone installation and maintenance 
b. ipM purchase® 

©o IBM rentals 

Individuals requesting the above servi^bes may either write up 
the desired work order as described below and then submit it to the MSDC 
Office or they may supply that office with the necessary information 

and ^ leave the paper work to the MTO, Off ice. 

Preparing a Work Older 

lo Date - date that foxm is prepared 

2" ,Toj Mdresg' - person and address as indicated above 

3. Work t© be Performed For - R. B. Pugliese B-153 
ho Dept . or Projec t - MTG ( 6p . 6k) 

$. Tel. E3cfe. - Ext i 7231 

6. Work Should b® c0igpletM,by - give date that represents a 

reasonable length of tiiiae 
7<» Quantity "L supply if known or pertinent; usually 
8. Drawin g or Part No .) not required 

9» Description -clean, concise, and complete description of 
work being requested 
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lOe Estimated Cost - not filled in by MTC 

11. Shop Work Instructions - please read and comply 

12. Originator - Signature of person. i^equesting work 
13- Approval - Necessary signatures (Sect., Gp., Div.) 

acquired by MaX3 Office ( R. B. Pugliese ) 
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TAPE AND CARD PREPARATION 

lo General 

There are at present three conversion programs which convert 
the programmer's symbols into notation suitable for storage in MTCo 
All of them produce for outputs punched paper tape of the "k-G-S" 
format described in Section 23 -^f this manual and in Memorandum 
6M-2527-2o a standard plugboard, labelled "Read-in", will cause a 
k-S-S tape to be stored in locations specified on the tape itself o 
In addition, the second of the three programs mentioned below can be 
made to deliver output on binary cards o The resulting deck can be 
read in using utility tape U3A, "Binary Card Load", or, in an emer- 
gency, with two bootstrap cards and a plugboard labelled "Van's 
Card Read"o 

The three conversion prograifl are; 

Ao Bagley's Basic Conversion Program is available on k-6-6 
tape Ul in the drawer of the duty technician's desko 
It requires for input Flexowriter tape prepared in the 
format descrioed belowo 

B. SAP ( Symbolic Assembly Program j is available as a deck 
of cards to be read in by tape U3A. It accepts as in- 
puts Hollerith cards prepared on the 026 Key Punch, as 
described under Card Preparation » 

Co SYAAP (Farley's S;^'mbolic Address Assembly Program ) is. 

available on k-G-G punched paper tape, and accepts Flexo- 
writer tape as an input mediumo 

In addition, there is a little-used tape UI5, which uses 
for input Flexowriter tape prepared in the format of the Basic Con- 
version Program and delivers output on binary cards o 

II. Foj^nat for Bagley's Basic Conversion Program 

This program regards the letter "1" and the digit "One" as 
identical, and ignores space, color change, "coirana", backspace, "stop 
code", upper and lower case, "delete", and blank tape. 

A sample coding sheet, DL-lif90, and the copy of the Flexowriter 
print of the resulting tape, are included on the next two pages for 
illustration. 

Ao Heading 

The information in the heading will be found in the lower 
right hand corner of the octal program form (DL-481-3 or 
DL 1490)0 

lo Feed out approximately six inches of blank tapeo 
2. Type the word "tape", then the tape number specified 
on the program form. The title of the program and 
the author's name may be included on the same line, 
but no tabs may be usedo The last character must be 
a carriage return. 
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Auto start at 1^106 


increment in 0-20 
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y 
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DL- 1667 



LINCOLN LAB. MJ.T DIV. 6 
LEXINGTON 73, MASS. 



OCTAL PROGRAMMING CHART 



TITLE ParabQla Display 



AUTHOR Kellogg 



TAPE NO. m^s. 



DATE JS.^^^T^ 
INDEX 



UJ 



ro 



tape 07dl^ kellogg 

octal 

l=aOlj loGOOOO loOGOOQ le37777 haO haO calOl stl02 sof0 

ni| tr20Qi 

^OJ ca20 son stlQii eaipg adlOi; tol06 stl02 inhl02 

210J SU103 dsl02 tr>203 

aiitof 

sta2?t at 1«106 



ro 

ON 

I 

vn 



I 

« 
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3o Ty^e either the vord "octal" or "decimal" on the 
second lineo This word must he followed by a 
carriage returno 



B. Body 



The first item on the next line is the field desig- 
nation of the first word in the program, which will 
either be a "One" or a "Two" and should he found to 
left of the first address. If the programmer forgets 
to specify this, type the digit "One"o Follow the 
field number by a dashc Immediately after the dash 
type the first address, a bar, and a tabo 

Type the words successively across the page, follow- 
ing each by a tab; do not type the comments. Follow 
the eighth word by a carriage return instead of a tab, 
if the word "Octal" was typed on the second line.. 
If the word "Decimal" was typed on the second line, 
type ten words across the page before the carriage 
return if the carriage is long enough; otherwise type 
five words across the page and give a carriage return. 

Each line should begin with the address of the first 
instruction in that line, folj-lowed by a bar and a 
tabo After the first line of the program it is not 
necessary to repeat the field designation unless it 
changes o 

All words in a line must be stored in consecutive 
registers. A new line must be started after every 
gap in the program. 



C» Ending 

There are two endings for a tapes "Start at" and "Auto 
start at"o 

Ic "Start at" is typed at the left margin, followed by 
the field designation, dash, address, and a carriage 
returno 

2. "Auto start at" is typed; 

"auto", carriage return, "start at", followed by 
the field designation, dash, address, and carriage 
return o 

III. Format for Farley's Symbolic Address Assembly Program 

Programs to be converted by SYAAP should be prepared on the 
coding sheet, form DL-I6630 A sample coding sheet is shown on the 
next page, followed by a sample of the proper Flexowriter output o 

This program does not regard the letter "1" and the digit "One" 
as identical, and ignores only stop code, backspace, and delete o 
The general format consists of a " location tag ", tab, "word", tab, 
"Comments", and a carriage returno Any one or two of these elements 



PROGRAM TITLE QiAartAo igQya)?ftlai 

DESCRIPTION Displays pjckjjng increitieni;; 

from. 0-20 



PRnn MO, 07S20 
AiiTMnp Small 
DATE 19 J^^y 



PAGENO.J'rl-?. 



DL-1663 





TAG 


INSTRUCTIONS OR DATA 


COMMENTS 


OP 


ADDRESS 


..' 










1-1000 


ca 


rc 1^00000 


initial x to reset 




St 


X 


X deflection 




sof 









caL 


20) 


get increment 




sof 


1 






St 


increment 




display 


ea 


X 






rah 


X 


calculate y coord 




irih 


X 




. \ 


mh 


X 






ds 


X 






ca 


X 


increment x 




ad 


increment 






to 


1000 


start over when x=+l 




St 


X 


> 




tr 


display 




endllll 1 
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1-lOOQ 



display 



ca re loQOOOQ 


initial x to reset 


st X 


X dfefleiction 


sof 




ca 20 


get increment 


sof 1 




st increment 




ca X 




mhx 


calcuHate y coord 


mh X i 




nih X 




ds X 




ca X 


increment x 


ad increment 




to lOOQ 


start over when x^^- 


st X 




tr display 





end 
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may "be omitted o Each MTC instruction and the letters re (register 
containing) must be followed by a space. 

The rules for typing programs in this format are few and simple. 

1. Feed out approximately six inches of blank tape. 

2. Carriage return. 

3. Start typing with the first instiniction or tag^ omitting all 
material in the heading. The format will yield three distinct 
columns: 

a.) The first will contain all the tags, 

bo) the second will contain the MTC words (material contained 
in the "Instructions or Data" columns of the Coding Sheet), 

and - .^ 

Co) the third will contain all the comments. 

ko After approximately one page of typrng or when the programmer 
specifies, give a carriage return, type-~six or more bars, give 
another carriage return, and continue as tlibugh it were a new 
tape. 

5. The end of the program is indicated by typing carriage return, 
the word "end", and six or more bars. The first bar must come 
immediately after the word "end", with no intervening spaces. 

60 The symbol | | (two bars) will cause SYAAP to ignore all mater- 
ial since the last carriage return. Hence this symbol may be 
used to correct typing errors. It is not necessary to correct 
minor errors in the comments, since they are ignored by the 
program. 

IV. Flexowriter Operation 

The Flexowriter has been designed to punch a tape while a 
typed copy is being prepared. Each character on the keyboard will 
punch a six-bit code on the tape. 

Ao Functional Switches 

Except for the "On-Off " switch, which is located at the right 
of the keyboard, and the "Normal Print - Reproduce No Print" 
switch, these switches are located on the face of the machine 
directly above the keyboard. 

lo Start Read - Depress and release this button to stairt the 
tape reader. Whenever it is depressed it 
stops the reader until it is released. 

2. Stop Read - Depress and release this button to stop reader. 

3. Punch On - When this button is depressed, typing will cause 

the codes to be punched into the tape. When it ±1 
lifted only the typewritten copy is produced. 
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k. Ignore Stop Code - When this button is depressed, the tape 

reader ignores both the stop code and other 
illegal combinations of holes. When it is 
lifted these codes will stop the reader o 

5o Seventh Hole - When this button and the "Punch On" button 

are depressed, an accompanying seventh 
hole is punched for each character on the 
tape. This button must be down whenever 
tape is being prepared to be read into the 
computer. 

6. Stop Code - When depressed this button punches a code 

into the tape which, when read, will cause 
the reader to stop. 

7. Code Delete - When this button is depressed, all six 

holes will be punched, thereby changing the 
character into an ignored combinatiouo 

80 Tape Feed - When this button is held depressed with 

"Punch On" depressed, tape will be fed. 

9o Normal Print - Reproduce No Print - Located either on the 

right or top of the machine. See D and E 
below. 

B. Loading Paper 

If paper with sprocket holes is used the pressure release lever 
of the far left of the carriage remains in the forward (released) posi- 
tion. Bring the paper over the guide bar and under the. roller. Guide 
the paper in and turn the roller until the holes line up with the 
sprockets o If paper without sprocket holes is used, pull the pressure 
release forward (released). Insert the paper just as before, but 
bring it up and position it. Then push the pressure release back, 
gripping the paper in place. 

G. Loading Tape 

To insert a new spool of tape, remove the bar on the rear of 
the Flexo. Remove the spool cover by loosening the knurled screw. 
Remove the old spool and place the new one on with the tape coming 
off the bottom towards the right, looking at the machine from the 
back. 

Bring the tape below the tape guide and over the tape tension 
arm roller^ under the finger on the roller if there is one. Open 
the tape hold-down arm, just in front of the plastic chip catcher, 
which also lifts the tape run-out ann. The tape can now be placed 
into position by edgewise insertion. Close the tape hold-down armo 
Depress the "Punch On" button, press the "Tape Feed" button, and 
pull the tape out at the same time in order to run the tape into 
proper operating position. 

D. Noimal Print 

The switch is located on the right of some Flexowriters, but at 
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the top left of others o 

1. With the switch in this position and no other buttons de- 
pressed^ the Flexo operates like an electric typewriter,. 

2o With the "Punch On" "button depressed^ the machine will also 
punch a paper tape^ 

3" If "Start Read" is depressed with a tape in the reader, the 
tape being read will he typed on paper o If in addition the 
"Punch On" button is depressed, a new tape will be madeo 

Eo Reproduce No Print 

This is the same switch as Normal Print » 

Place a tape in reader. Press "Start Read" and a duplicate 
tape will be punched » All buttons should be upc 

Fc Correcting Errors 

lo To correct an error detected immediately s 

ac Back up the tape 1 character with the knurled loiob to 
the left of the punch » 

be Push the "Code Delete" button. 

Co !I^e the desired character and proceedo 

The "Backspace" key on the keyboard will cause a backspace 
character to be punched on the tape<. Therefore, do not bother to 
correct the typewritten copy, but rather complete the tape and then 
print it again with the punch off o Use this second printed copy for 
final proofreadings 

2o To correct an error discovered much later? 

a. Make note of the error, but complete the tape. 

b. In the "Normal Print" mode, copy the tape by running it 
through the reader with the punch on and with the "Sev- 
enth Hole" button depressed. 

c. Depress the "Stop Read" button as that character is 
typed which immediately precedes the error o 

d. Depress the key on the keyboard corresponding to the 
desired character. 

e. Advance the faulty tape one character by means of the 
knurled knob to the left of the reader o 

fo Push "Start Read" to continue copying. 

The corrected tape so obtained should be printed with the punch 
off, and the copy so obtained should be used for final proofreading » 

Vo Card Preparation 

At present MTC has only one card assembly program, called SAP 
(Symbolic Assembly Program) . Cards are prepared for the programmer 
from FSQ-7 Coding Sheets (Form 'DL-lh2Q) . Therefore, the correct format 
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is the programmer's responsibility. This format is described com- 
pletely in Memorandum 6M-kk03, Colmnns 8-42 of a sample coding sheets 
and the Hollerith Card punched from the third row of the sheet, are 
shown on the next page. 

Cards prepared at MTC may be taken to the card room in the base- 
ment of Building A for numbering or for listing by the kO"] accounting 
machine » 

Most programmers desire to have some sort of identification 
punched on each cardo This is punched in the first four or six col- 
umns of the card, and then duplicated on succeeding cards » The MTC 
operator will not number entire decks of cards, but correction cards 
will be numbered, if the programmer so requests <> This numbering is 
done in columns eight through sixteen. 

Since the position of a character on the card is very important, 
care should be exercised during the punching to be sure that each 
character is punched into the card column corresponding to the column 
which it appears on the coding sheet » 

To distinguish between the letter "0" and the digit "zero", 
many programmers draw a slash through the zero, eogo D000. These 
slashes should not be punched. 

The card machine is not intended for duplication of binary 
cards, but a binary card can be punched on this machine, one row at 
a time. 

However, the MTC operator will not punch binary cards. 

VI. IBM 026 Key Punch 

A. General 

The key punch records information from its keyboard on 80- 
column cards in Hollerith Code. 

Cards move from the feed hopper at the upper right to the 
punch station just below. The punch is in the partition between 
the punch station and the read (middle) station, and punches one 
column at a time; thus the card. moves one column to the left 
every time a character is punched into it.- Unless printing is 
suppressed by Program Control, the character punched is simul- 
taneously printed in the colored strip at the top of the card. 
Finished cards go to the stacker at the upper left, just below 
the power switch. 

The partition between the read station ahd the stacker contains 
brushed for card reading. In normal operation the card just 
punched moves out of the read station as the card being p-unched 
moves into it; when the machine is in its "Auto-Dup" (automatic 
duplication) function, punching from the card just punched is 
duplicated in the corresponding column of the card being punchedo 
"Auto-Dup" is explained more fully under Program Control , below. 

Above the read station is a compartment containing a Program 
Control Drum, around which is wrapped a standard 80-column card. 
Punches in this card may be used to control automatic duplication. 
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FSQ-7 CODING SHEET 



TAG. 



I DENT. SERM 




5fc 



CARD NUMBER 



LOCATION 



Dd 



OP 
CODE 



I NX 
A 



RC WORD 



8 9 lOill 



12113 



14 15 16 



18 



19 



20 



21 



22 23 



24 



25 26 27 



28 



29 



30 31 32 



33 34 



1 



E 



R If 



1 



E T 







X 



c \x 



H 







1 



R A 







E 



_^tr"©s 2 



,.>- 



SERM 

I 

IDENT. 
II 

looo 

t 2 I 4 

1111 

12 2 2 
3333 
4441 
5|5 5 
6666 
77 77 



99|9 

I ] 3 4 



00 r 



CARD 
NUMBER 



PlOO 

I 9 to tt 

nil 

2222 
3333 
4444 
55 5 5 
6666 
7772 



00000 

12 13 14 15 IC 
11111 

22222 
3 3 3 3 3 
44444 
5 5 5 5 5 
66666 
77777 



99999999999 

7 8 9 10 II 12 13 UIS l( W 
IIM 866606 



19X ■ 
i LOG. 

oolooo 

18 19 20 21 22 23 
111111 

222222 
3 33 3 33 
444444 
555555 
666666 
7 757 7 7 



9|9999 

18 19 20 21 22 2] 



CA 



HA 03K 



03K STARTING ADDRESS OF DISPATCHER \ 
I I I IB! I I II I III 



CODE 

000 

25 26 27 
111 

222 
|33 
444 
555 
666 
777 



999 

25 28 27 



INSTRUCTION 
I 



RC WORD OR ADDRESS 

oooooolooooo 



30 31 32 33 34 35 

1 111 11 

2 2 2 2 2 2 

I 
333333 

444444 

555555 

666666 

7 7 7 7 7 7 

8B8888 
999999 

30 31 32 33 34 35 



38 37 38 39 40 41 
111111 

22I222 

3|3333 
444444 
555555 
668666 
777777 



99 9999 

OC 37 38 39 40 «1 



I 



I I 



I 



I 



COMMENTS 



|oooolBoo3ooooooooolioooooo|oo|ooooooo 

43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 78 77 78 79 80 
1 1 1 1 1 1 111 1 1 1 1 111 1 1 1 1 1 1 1 1 1 1 1 1 111 1 1 1 1 11 t 

22|22|22222 22 22 2«222E!22 2222|22 222 22222 
3|33 33i33|333 3 33 333 3333 3333 33 31133 33 33 
444444444444444B|44444444| 4 4 4444444444 
5 5 5 5 5 5 5 5 5 5 5 Q 5 5 5 5 5 5 1 5 5 5 5 5 5 5 5 5 5 5 5 5 5 B 5 5 5 5 
66666666666666666666665166666666666666 
77777 7777777 S777777 7777777771777777777 
8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 98 8 8 8 8 
99 9 9 999929E999999S999999 9 9199 999991999 

<3 M <5 46 tl 13 « SO 51 52 53 54 55 56 5) if 55 fO t1 62 O 64 t,5 6C 67 68 fi 70 II 72 73 74 75 76 77 78 79 BO 
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automatic skipping of columns, keyboard shifts, and other functions 
if the Program Control Lever (the blue plastic lever under the drum 
housing) is "On" (left end pushed in) » With the Program Control 
Lever "Off", these operations may be . controlled manually from the 
keyboard; in this case the program card need not be in the machine 
at alio Around the base of the dnim is a scale numbered from 1 
to 80, by means of which one can tell what column is next to be 
punched o 

Bo Keyboard 

Except that the digits are foU!.9,d as upper case characters at 
the right hand end, the keyboard is conventionale When the Pro- 
gram Control Lever is "Off" (right end pushed in) the normal shift 
is alphabetical, that is, lower case. To get a numeric (upper 
case) punch one must hold down thep'Num" shift key while striking 
the proper character » After a series of upper case characters 
has been punched, it is wise to tap the "Alph" key to insure that 
the alphabetic shift is engaged; however, this key need not be 
held downo 

The backspace button is not on the keyboard but on the body of 
the machine just under the read station. Pressing it will move 
the cards in both the read and punch stations to the right, so that 
additional punching may be done in a column previously punchedo 
If the button is held down, backspacing is continuous at the rate 
of about four columns per second; to backspace one column, depress 
the key and release it quicld-y-. 

In noniial operation of the key punch, card advance occurs 
automatically, just before the hole is actually made in the cardc 
However, the "Mult Pch" (multiple punch) button on the keyboard 
prevents the card from advancing on any but the first character 
of the new column^ so that severa]. characters may be punched in 
the new column. 

There are two "Skip" keys on the keyboard. The upper one, 
marked with a dash, gives a single punch in row 11; the other one, 
on which only the word "Skip" appears, produces no punch, but 
merely moves the card left one column. The space bar has the 
same function as the latter skip. Card format, and the corres- 
pondence between characters and punches, can best be understood 
by looking at the figures on the next page. 

The Symbolic Assembly Program and the kO'J Accounting Machine 
interpret the sign "#" (3 punch arid 8 punch) as meaning "+" or 
plus, and the "@" sign {k punch and 8 punch) as "-" or minus o In 
addition, the dash (ll punch only) is an acceptable minus sign 
for SAP. 
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As interpreted by IBM 026 Key Punch 



A B C D E F G H I J K L M N P' Q R S T U V W X y Z 



12 12 12 12 12 12 12 12 12 



11 11 11 11 11 11 11^11 11 

1 





2 



8 



8 



Rov 

12 

11 



1 

2 

3 
k 

5 
6 

7 
8 

9 



& -0123^56789/^ = $.#)xr*'/^@ 



12 



11 



I 12 

l 11 
t) 

1, 

H 3 3 3 



12 



11 



k k k k 



8 



88 8 888 8 8 



+ ii-07 Accounting Machine + 

Notes: The hO'J Accounting Machine makes the substitutions shown above for 
"&", "#", and "@". ' 

The MTC Symbolic Assembly Program (SAP) interprets "#" (3 punch and 8 
punch) as "+", but not the "8s" (12 punch- only). 
SAP interprets either 11 punch, or k punch and 8 punch, as "-" (minus) 
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D. Operating Instructions ; Manual Control 

lo Punching 

Either the Program Control Lever or the "Auto-Dup" s-witch 
should he "Off" when punching the first card. of a series, or 
when punching a single cardo 

When the Program Control Lever is "Off", the keyboard is 
normally in alphabetic shift <. To punch any upper case chara- 
cter, the "Num" key must be depressed, and heldo After a 
series of upper case characters has been punched, it is wise 
to tap the "Alph" key to insure that the alphabetic shift is 
engaged; however, this key need not be held downo When the 
Program Control Lever is "On"J the normal shift is numerical 
unless alphabetic shift is prpgrammed; but the program card 
may be overruled by means of i^he shift keys on the keyboard » 

Before releasing the first card of a series or punching 
its 8oth column: 

ao If automatic feeding of successive cards is desired, 
turn on "Auto-Feed" » 

bo If program card control of succeeding cards is desired, 
turn on "Auto-Skip, Auto-Dup" and the Program Control 
Lever (it is on when pushed in at the left)- 

2o Card Removal 

To remove a card from the punching station, turn the 
"Auto-feed" switch off- Then push s 

a. "Rel" (release) 

bo "Reg" (register) 

c. "Rel" Cards may be removed manually at 

this timeo 

do "Reg" Cards. If ill be stacked o 

Cards will automatically be removed from the card bed 
as other cards are fed into the punching station. 

3. Single Card Feed 

To get a single card under the punch, place a card in 
the feed hopper at the upper right, then: 

a- Turn "Auto-feed" off- 

bo Push "Feed"o 

Cc Push "Reg"' (register) o The card will now be under the 
puncho 

Pause after pushing a con-Jtrol button. 

k. Automatic Feed 

To punch a series of card|, place an adequate deck in 
the feed hopper. Then: t 
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ao Turn "Auto-feed" ono 

b. Push "Feed" twice o The f 
the punch o Each subseque: 
matically under the punch 
is released or its 80th c 
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rst card will now be under 
l|t card will be placed auto- 
as soon as the previous card 
lumn punched o 



Duplication of a Single Card 

ao Turn "Auto-feed" and "Autjj»-skip, Auto-Dup" off. 

b o Insert the card to be dup.] 



guides between the reading 
Stat i ono 



Feed a single cardc 

Hold down the "Dup" (dupll 



Lock-up 



The machine may Jam and 1 
are accidently pushed simultaiieously or if letters are en 
countered during an automatic) duplication in numerical 
shift o Backspacing will reli 
remaining columns may be skipi 



icated through the plastic 
station and the punching 



cate) button* 



ck its keyboard if two keys 



If an "Auto-Dup" was stopped liy a letter^ one can depress 
"Alph Shift" and then backspace » "Auto-Dup" will reproduce 



ve this condition, or, if the 
ed, the card may be released o 



numbers satisfactorily when irf alphabetic shift <> 

Program Control 

It is possible to place the o};>erations of "Auto-Skip", "Auto- 
Dup", shifting, and printing unde|' Automatic control; in a given 
column of card being punched, thesi 

punches in the corresponding coluijon of the card on the program 
control drumo When the Program Control Lever is "On" (pushed in 
to the left) these functions are normally controlled by punches 
in rows 12, 11, 0, 1, 2, and 3; the function in a given coliomn 
of the card being punched is controlled by the punches in the 
corresponding column of the progr|iii cardo However, when the 
"Alternate Program" button is pushed, control is transferred to 
the punches in rows k-^ of the corresponding program card columnc 

The program control drum shoul.d be removed or replaced only 



when the program control lever is 



the column 1 position; the best w?:.y to make sure is to press 



"Release". The drum cover is loo 
bottomo The drum snaps into plac 
parallel to its axiSc 



off, and when the drum is in 



The card locking lever is ins^ 
it points toward the center, the I 

released; when it points in a clol|kwise direction, the column 1 
end is released; and when it poinfs in a counter-clockwise dir- 
ection, both ends are locked, 
should be inserted first, then th| column 1 end; the card should 
then be pushed down so that its '^\\e^g,e rests firmly on the bottom 
flange of the drum, and locked inj place o 



e at the top and hinged at the 
and can be removed by pulling 



de the drum at the topo When 
olumn 80 end of the card is 
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F. Program Card Preparation 

It is convenient to define a field as a group of consecutive 
columns on which a given operation is to be performed. Fields 
are denoted on the program card by a simple code; there is no 
12 punch in the first column of a field, hut there are 12 punches 
in all subsequent columns. For alternate program fields, the 
beginning of a field is defined by absence of a k punch, and 
subsequent columns by the presence of a 4 punch. Operations 
■within a field are controlled as follows: 

lo Auto-Skip g If the first column of a field of the program 
card has an 11 punch ( or 5 punch for the alternate program) 
all columns of the field on the card being punched will be 

skipped, provided that the "Auto-Skip, Auto-Dup" switch is 
"On". 

2o Auto°Dup ; If the first column of a field of the program 
card has a punch (or 6 punch for the alternate program), 
punching in all columns of the field on the card being 
piinched will be duplicated into corresponding columns of 
the following card.' 

Shifting, Printing of left zeros, and suppression of print- 
ing during automatic duplication will work as described below c 

3" Alphabetic shift s Under program control, the normal shift 
is numerical, and the machine will stop duplicating automat- 
ically if a lower-case character is encounteredo But a 1 
pimch in a column of a program card (or a 7 punch for the 
alternate program) will cause the shift to be alphabetic 
when the corresponding column is being punched, whether under 
keyboard or Auto-Dup control. 

ho Left Zero Print ; The machine normally suppresses left zeros 
in the printing, but will print left zeros in any column if 
the corresponding program card column has a 2 punch (8 punch 
for the alternate program). 

5» Print Suppress ; If the program card has a 3 punch (9 punch 
for the alternate program) no printing will occur in the 
corresponding column of the card being punched. 

These rules are summarized inside the Program Control Drum 
cover, but may be more clearly presented by the following table; 
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Do Program Card 


Codes 


Main Program 
1st 




Column of Field 


Operation 






Field definition 




Space 


Auto -Skip 




Dash-Skip 


Alph Shift 




1 


Left Zero Print 




2 


Print Suppress 




3 


Auto-Dup: 






Num Shift 







Alph Shift 




/ 


Left Zero Print 




S 


Print Suppress 




T 
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Subsequent 
Column of Field 



& 
& 
A 
B 
C 

& 
A 
B 
C 



Alternate Program 





1st 




Column of Field 


Operation 




Field definition 


Space 


Auto -Skip 


5 


Alph Shift 


7 


Left Zero Print 


8 


Print Suppress 


9 


Auto-Dup : 




Num Shift 


6 


Alph Shift 


6 and 7 


Left Zero Print 


6 and 8 


Print Suppress 


6 and 9 



Subsequent 
Column of Field 



k 

h 
h and 7 
k and 8 
k and 9 

k and 6 
k, 6, and 7 
k, 6 J and 8 
h, 6, and 9 



S-2T-5T 3-n.l 



MTC COMPONENT TEST REPORT 

Vlhenever a plug-in-tmit^ or tube, is removed from MTC, it is 
replaced with a pretested "interim unit** 5 a dafecti."vo component' is r«--' 
placed with a new oneo In «itih©r case the suspect item must lb© t^sttd^ 
and the cause and nature of any failures so discovered must be recorded 
on the Hollerith log re cord© The vehicle for the paperwork is the MTC 
Gonponent Test Report© Blank forms for this reporti are kept in the Duty 
Technician's desk| since they are numbered consecutively^ one should bo 
sure to take sheets from the top of the pile^ and io take only as many 
as will be usedo Sections A through B and section F should be filled 
out at the time the plug-in-unit^, tube^ or component is removed© The 
Component Test Report should also contain the incident number under 
"Remarks^ I and the Component Test Report number must appear in both the 
log and the incident report© 

The offending device and the triplicate form should both be 
sent to the MTC office (R, B, Pugliese)© "What happeiwJ then depends on 
the type of devices 

lo If it is a tube^ the white copy of the report is filed dn 
the MTC office |; the yellow and pink copies accompany the 
tube to the tube test shop under Ted Ciough in the Barta 
Building* An MTC engineer may elect to request a new tube 5 
in this casej) or if the old tube tested d^f^ctivar^ the new 
new tube is returned to the MTC office, along with the 
coii5)leted pink and yellow copies© The pink copy is filed 
with the white copy indicating that the transaction is ready 
for IBM cards I and the yellow copy is returned to the tube 
shop when the tube is put back in service© 

2© If the d»fectivt§ device is a circ^t element^ such as a 
resistor 5 capacitor <> pulse transformer, or diode, it is 
sent to the coii5)onent test shop under Howard Hodgdoa in 
D»2l43© The procedure is the same as for a tube^ except 
that the compQBient is not returned^ since it has since 
been replaced with a new one© If the yellow copy has 
been returned^ it is discarded© 

3© If the defective device is a plug-in-unit^ it goes to the 
MTC technician in charge of plug«in-unitSp along with the 
pink and yellow copies of the Component Test Report© Ho 
will test it and remove the defective tube or component, 
adding what he can to the report and making out additional 
ones if more than -on® tube or coraponont is removed© Any 
suspect tubes and components are treated as in 1 and 2 
above© The plug-in-unit is retained by the technician 
until the reports come b|ick from the tests- then the unit 
is retested^ and replaced in the computer© As before, 
pink copies of the reports are filed in the MTC office, 
while yellow copies return to the MTC technician for 'his 
records© 
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MTC Publications on Preventive Maintenance and Marginal Checking 



PM Books 



First, Marginal 
Check Progjram 
Second, Line 
Nmaber 



Location of all units on line , 

Function of units checked by 

the program under which the. 

page is filed. 

Other programs for this line»; 

Any pertinent prints > 

MG voltage. 

Limits 

Danger points . 

Shows margins by date 



M,C. Line List 



First, Voltage 
Second, Line Number 
(should be same) 



Locations checked 
lype of vmits checked 
Number of units checked 
Program used 

Has index by function 

s!hows spares, fuses out, 
switches, etCo 



Location List 



Location 



Mairgin Line that checks each 

location 

l^ype of unit , 

Serial number 

Function of unit 



P.IoUo Master 



P.I,U« type. Serial 



Location 

Program 

Line 

Change level 
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STANDARD SYMBOLS FOR LOGIC 



Ool^i sec Pulse 



+10 or -30 Level 



Non Standard Pulse 



■t> 



Non Standard Level 



-o 



Gate Tube 



GT 



Buffer jAmpo Cathode Follower Level Setter 






CF 



LS 



Power CoFc 



Level 
Inverter 



Register.* Driver 



Selection Plane 
Driver 



PCF 



LI 



RD 



— e> 



SPD 



H> 
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STAlIDi\RD SYMBOLS FOR LOGIC 



Coincidence 
Detector 



Gas Tube 
Pulse Gen. 



Sense 
Amplifier 



Digit Plane 
Driver 




— 1> 




■t> 



t 



Drum Read 
Amplifier 



^> 



DRA O 



Drum Field 
Driver 



DFD 



■O 



Drum Read 
Driver 



Drum Write 
Driver 



DRD -O — O 



DWD 



— f> 



Flip Flop 

1 i 



1 
FF 



Drum Writer 

\ A 



~> 



m 



m r~^ 



Tapped 
Delay 



Variable 
Delay 



w5De 
jlIo. 




Dual & Cathode 
Follower 



Diode Logic 
( (& CKT) 



Diode Logic 
(or CKT) 



D&CF 



DL 
& 



ttt 



DL 
or 



8s and "or" circuits are positive unless otherwise specified* 
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MEC Service Manual, Section if 
COMPUIER AUXIUARIES 



a. A.C» Distribution 

"b. D.C. Power Supplies 

Co D«C. Power Control 

d* D.C. Distribution 

e. Marginal Checking System 

f. Mr-Conditioning System 

g. Intercom 

h. Probe System 

i« Synch System 

J . Cyclic Control 

k. Monitors 



AG DISTRIBUTION 



The source of all power for MTC comes from 2087^ 30 lines « 
These lines supply a maximum of 350A at 208Vc, ' 30' and are protected by- 
two main circuit breakers c, each rated at IT^A^, and connected so that 
when one trips c, the other also trips a After the main circuit breakers^ 
individual lines are tapped off for both the computer room and the 
power room as shown in the print on the next page^ a reproduction of 
SA»82113o 

Individual circuit breakers rated at 175A are provided for 
protection of AC circuits in both the computer room and the power room 
respectivelyo 

In the computer room the AC power requirements for the various 
frames are tapped off the output of the 175A circuit breaker^ and are 
fed through individual 30A single phase circuit breakers for circuitry 
protection within a given frame o Circuit returns in all cases are 
wired through a neutral lead which comes directly off the input circuit 
mains o This power is independent of the relay control described beloWc, 
except that the main breaker must be on before the relays will worko 

In the power room the AC for the various power supplies is 
tapped off the output of the 175A circuit breaker and is fed through 
individual single -phase circuit breakers o 



SUPPLY BREAKER CAPACITY 
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-300 
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DC. POWER SUPPLIES 

General 

The Memory Teist Computer uses ten basic standard voltages 8 
-30075 -iSOVc, "150V^ «liiOVp »30V5 ^IJV^ -frlOV^ *30V5 -frl^OV^ and 4-2?0Vo 
Nine of these voltages are obtained from tbreet=.pbase rectifiers ^ vhil© 
a tenth («180V) is obtained a bleeder across tha «300V supply* An 
AC and DC interlock system provides protection for computer ©quipmsnt 
if on© of the power supplies shoisld fail© The interlock system auto<=» 
matically shuts @ff all DC voltages in proper sequence© 

There bi'& also sevsral' non-standard voltages supplied to the 
coffiput©ro One of these is *600V5 which is obiained ftpom a special 
bridge type vapor ractifiero Other special voltages supplied are ^l^SV 
and ->60¥ for the Tap® Adapter Frame o These voltages are obtained from 

f u31 wai® geraenium ;r©etif i®r circuits o The «60V is hot obtained as 
sueh^ but as an isolated -30V DC source which is added in series with 
the standard -30? to ob'fcaiii the -^OVo There are other miseellaneous 
supplies which are not part of thi9 regular MTC posfer supplies ^ but 
are included an the equipmint which uses them© These supplies in« 
clud® the high voltage sources for display purposes and the separate 
supplies in some in-out equipment© 

In general<, the regulated power supplies meet the following 



lo Ripple shall be less than Oo2^ peak to peak at any load 

from no load to full,, 

2o The steady state regulation shall not vary more than 
0o6^ for any combination of the following 8 

no load to full^ and ^ $% line change,, 

3o The teansient regulation shall not vary more than *^ Oo3^ 

as measured from the final steady state value for "a ' 
20^ step of load or for a $% step ©f line voltage above 
©r below rated line voltage « 

l|.o Th® regulating system shall be sufficiently stable to 
damp to within $% of the steady stat® valu® within 3 
cysles of the naimral frequency of the regulator after 
a .load or lint® disturbance o 

5o. The drift shall not exceed 1^ per month^ Oo3^ p@r day© 



IIo -Brief Description of Relay Control 

Power for MTC is tamed an. through a s©ri©s of interlock- 
ed relasrs and tirae delay coatrolSo The rela^ ara located in the 
raeks to th© left of the colmnn in B^^^^l^ thp circuit is shown on 
print I)-ii7091o If all breakers ar® on^ fila^aiaat paw@r may be 
applied to th© poster supplies by pushing the "^standby''* button o All 
AoCo relays are actuated and after a 5 second delay the power supply 
filaments are turned cirio In order to allow aU tubes to come up 
to their rated tsigpj^sratar©^ a raininmm lapse of a minute and a half 
raiist be allowed at this point bef cr© th® ^Power cn^* switch is effec- 
tive o Pushing ^'^Fower on''* after the wait will cause th© D«Co supplies 
to come on in the follotdjig orders 

Seguenc© Time 

1^ ^30^ clg^ 4.107 on 

2o -3OO5 .^180^ -li^OV on O0O25 0®©o 

3o -I5O5 *150V on 2oOGO 

■ ko *250V m 2o025 

5o *90? on 2o050 

60 Sensitrols become actiT© 3oOOO 

If aiij BC supply should fail to com® up to its rated 

Yoltag© * $%^ a Serjsitrol relay Tsrill cause the ©ntii'e set of relays 
to cy^le'^back to a status which resembles ^Stsaidby®' except that th© 
'""Easet® button Mist be pushed to set any relays that failed to go to 
^Standby® status wh®n th@ incorrect Toltag® was detectedo This 
condition is indicated by a ^M.^ or ''^lo^ voltage light m. th® cone- 
soIjs and on the relay control panel in B--05lo 

in Rectifiers 

Ao Basic Circuit 

The basic pow@r supply used for most of the MTC BC 

rectifieatisss ±s a three phase 5, star=conneeted circuit using j6£1 
interphase winding ©onnectiBg th® outputs of the -fewo sets of 
three rectifiers together o This is shown in the schematic on 
the n©3ct pageo 

Bo Need for am Interphase TransforH®r 

A simple J^phase systerac, al'though it results in th© 

obtiiiKim ^tili,iatiaii of the plate transf OCTBr^, gives rise to d-© 
saturation of th© transformer ©onso It also introduces ©ven 

harmonics ,ln the primai'y current sind a large ripple in th© DC 
voltag@o. In offder to overcom® these difficulties it is neces^ " 
sary to mak@ the number of secondary phases an "even Miltipl® 
of the primary phases « To ®©©©ipll®h thii and gtill retain 
the adTan.tag© of the 3->phas@ systemc, it is ©astomary to s©gre=> 



PLATE 



lis 

V.AC. 




OUTPUT 
TO 

FILTE8 



BASIC/RECTIFIER showxns 

INTERPHASE WINDING 



4=- 
I 

C 
I 



CHGIR fi-2e^*7 



k-h^^k 



gat© 6- or 12->phase g©caadaries into 3'^'phase groups o This is 
accomplished by the vl3® ©f an interphase transformsr^ sometimes 
called an absorption-reaetanc© eoilo Th© main adYantage of the 
interphase transformer areg 

lo it improves th® utilisiation of the rectifier | 

2o "by reducing th® peak value of the anodia current^ 
it lobars th© arc drop and improves th© efficiencyi 

3o it inproves the utilisation of the maiyi transformer | 

Uo by reducing the amount of current being comnnited at 
one tim®£) it improves the regulation of th© d»c vol« 

•tageo 

• The' midpoint of th® inte3?phas® transformer constitutes 
th® negati¥e terminal of the rectifier unlto '.Each J^phas© Tsdnd- 
ing with the rectifier elemsnts connected to it constitutes a 
coraMi'fcating group© Th© two carmmtating groups operate in para- 
llal^ each carrying one^half of the total direct current© The^ 
intei^as© transformer absorbs the difference between the ±n« 
st^taneous BC voltages of the two groups© ThQ direct current 
flows in oppi&^it© directions in the two halves of the intern- 
phase transformer winding and therefore producas no DC magneti- 
zation in its corao Tkm triple-frequency AC -voltage applied 
across the interphase transformer causes a 'triple-frequency 
alternating magnetizing current to flowo This currentD sm^r^ 
lied by the filament circuits of the rectifiers^, flows between 
the two coranmtating groups through the rectifying eleirtentSo It 
must therefore flow in th© forward direction (anode to cathode) 
through the rectifying elements of one group^ and in reverse 
direction (cathode to anod^) through the rectifying, elements 
of the other group © The full value of th® magnetizing current 
can flow in th® reverse direction only if th© direct current 
through th© ra^tifiers ii oquml to or graater th®Si the peak 
value of this AC magnetizing current^ so that the net current 
flow is Iti th® . forward directiono Below this value . of direct 
current the interphase transformsr is not fully magnetiz©d| 
as th© direct current approaches zero^," th© intesphase trans-^ 
former .becomss practically ineffactiT®^ and the circuit bee- 
haves like a single commutating group of six phases© The DC 
load current at which the full magnetizing of th® interphase 
transformar ©an flow is approximately ^1% of th© full«='load 



Co Properties of lliyratrons and Ire Rectif iars 



rectifiers in th® MTC power supplies are 
electron tabes t'o which a small amount of gas has been 
addedo This ga% ionized by the electron stream^ increases 
conductivityo Gas triodes are called ?*grid-controlled 
rectifiers'* or^Thyratronsfg gas diodes are simply called 
®?arc rectifers^o- 
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These hot -cathode gas tubes are rated according to 
severa], voltage and cxirrent limits s 

lo Peak inverse voltage is the maximum negative voltage that 
can be applied between anode and cathode, as o-imited by 
arc -back probability o 

2o Peak fo27¥ard voltage is the highest positive voltage, between 
anode and cathode of a thyratron that can be controlled by 

the grido 

3o Average anode current is the highest average current that a 
tube can carry continuously without overheatingo 

ko Peak anode current is the highest instantaneous value of 
current that a tube can carry periodically, as limited by 

cathode emissiono 

5o Surge current is the maximum instantaneous transient current 
that a tube can carry during a fault, such as a DC short 
circuit, without immediate failureo 

The heating current of a gas -tube filament must be 
applied for about a minute and a half before the tube is per- 
mitted to carry anode current; this wait allows the cathode to 
come up to the emission temperature, and, if the gas filling 
is mercury vapor, to vaporize the mercury o The arc -drop voltage 
of a gas tube is about 8 to l6 volts, depending on the vapor 
pressure When the arc drop exceeds about 22 volts, the coating 
is sputtered off by ion bombardment j this removal shortens materially 
the life of the tubeo The vapor pressure in a gas tube is a 
function of tube temperattire and is therefore affected by ambient 
temperatureo Excessive temperature and vapor pressure may cause 
arc -backs o Too low a temperature increases the arc drop and may 
cause disintegration of the cathode o 

The possibility of an arc -back is the major faiilt of a 

power rectifier An arc -back is defined as a' failure of the 
rectifying section which results in the flow of a principal elec- 
tron stream in the reverse direction, because of the formation of 
a cathode (emissive) spot on an anode o It can occur when the 
anode is at a negative potential with respect to the cathode o When 
a cathode spot is established on the anode surface, current from 
the other anodes of the rectifier flows, to the faulty anode j this 
flow results in a short circuit of the DC winding of the rectifier 
transformer, limited only by the impedance of the transformer and 
the AC system and by the arc drop in the rectifying devices o The 
current to the faulty anode, and< in the transformer winding to 
which it is connected, flows in the reverse direction from normalj 
it., can attain magnitudes many times the' rating of that windingo If 
other sources of AC power are connected to the same DC circuit as 
the rectifier, current :from the DC circuit will also flow to the 
faulty anode through its 



9-16-57 k-b^ 

direction of euscrent flow is from the positive side of the DC 
circuity through the faulty rectifying device, and its tran®« 
f orrasr windiliigj, to the negative side of the 1X3 circuity: this 
is the reverse directiam trora. the norm! flow of current from 
the rectifier to the DC circuit o If the ensuing reverse curr- 
ent is not interrupted iramediately^ equipment breakdown will 
more than likely occur o The three principal protective devices 
used for protection of the rectifier equipment and the AC and 
DC circuits against an arc-back areg 

lo An AC breaker between the rectifier plate transformer and 
AC line^ 

2o an anode eircuit breaker betw@ei| the rectifier plate trans- 
former and the rectifying devices ^ and 

3o a DC breaker between the rectifier and the DC load circuito 

With suitable protection no damage is done to a rectifier unit 
by an arc-back^ and the unit can resume normal operation immed- 
iatelyo 

17 o Regulation of Supplies Using Mercury-Vspqr Diodes 

Ao Series Regulator Tube! Section 

The purpose of the series regulator tube section is to 
provide a variable DC resistance in series with a suppl;^^ 
which can be varied automatically should the output voltage varyo 
Each series regulator panel consists of six 6080 type dual tubes 
as the variable resistance element© All tsrelve tube sections are 
connected in parallel to give sufficient current handling capa« 
cityo Although each tube section can handle a maximum of 12^ma5 
for a total of lo5 amperes per regulator panels an attempt is 
made in MTC to limit the maximum current per panel to 1 ampereo 
This is necessary because^ although all tube sections are parall° 
eled^, the distribution of current is such that some tubes will 
conduct more heavily than others© Each tube section is fused 
with a l^Oma^ slow=-blow fuse© Blown fuses are indicated by 
mean's of NB2A neon lamps g, which are normally lighted except when 
a fuse is open© There is also provision in the series regulator 
panels for monitoring the individual tube sectioji currents «, This 
is accomplished by plugging a 0-'200ma DC milliammeter into the 
front of the panel at the appropriate jacks and varying the 
thirteen-position switch located on the panel© The switch shunts 
all currents except the tube section being monitored© Because 
of this 5, it is necessary to return the switch to its counter^ 
clockwise or ««off** position^ otherwise an open tube section will 
exist when the milliammeter is remove do 



Servicing a series regulator panel often involves 
nothing more than replacing a burned out fuse or replacing a 
spent tubOo The average drop across a series regulator tube 
from plate to cathode is approximately one hundred volts© The 
biaSj, which is obtained from a common bias bus in each respec« 
tive power supply^ varies depending upon the power supply and 
upon the current drain requirodo The range of hXf^ normally 
encotintered varies from about ten volts to fifty volts^ with 
the heavily loaded panels having the least amount of grid bias© 
In the event of a grid~to«cathode shorty the tube section which 
has shorted will cause that tube section to draw a large amount 
of current and the plate fuse for the section will opeuo HoW" 
ever^ due to the presen©» of a large isolating resistance of 
lOOK in each grid circuit the grid^cathode short will not 
affect the voltag© on the common grid bus and all other tubes 
will continue to operate normallyo The series regulator con- 
trol circuit is shown on print C-609^7o 



Bo Amplifier 5 Regulator 

The angilifiar^ regulator -lias a dual purpose© One of 
its uses is to supply a regulated DC voltage to be used as a 
reference for comparison with the supply which it is regulating© 
Its other purpose is that of a DC aii5>lifier which anplifies the 
error voltage (the difference between its own reference and that 
of the power supply which it is regulating) and whose output is 
cathode«soupled to drive the common bias line of the series reg- 
ulators o 

The reference voltage for the amplifier 5, regulator is 
obtained from the full-wave stack of selenium rectifiers « This 
voltage is then filtered by an L=C filter and is regulated by 
6073 and ^651 col4 cathode voltage regulators,, The tube drop 
across the 6073 is approximately l^OV and the drop across the 
$6^1 is approximately 8^Vo By using the proper attenuator cir- 
cuit the voltage Is bucked against the feedback voltage from the 
power supply which is being regulate^© The only difference bet-* 
ween the amplifier^ regulators from the various power supplies 
in the attenuator circuit and regulator circuit© The +10^ -l^^, 
and -30V amplifier 5, regulators contain one regulator tube ahead 
of the attenuator circuit© The +30^ »ll;Op l^OV aii5)lifier5 regu- 
lators contain two regulator tubes and the +2^0^ «300V amplifier j, 
regulators contain four regulator tubes© The additional changes 
are summarized in the table below© 



NUMBER OF 
VC£LTAGE 56^1 REGUIA T CES ^ ^g_ R6 

^6K * 1$ 100 * 10^ lOK Pot< 



^15 1 
=30 1 
*30 2 



*i5o 

"1^0 
*2^0 
»300 



$6K±1S 


8o2K + 1^ 


lOK Pot, 


56K * IS 

cxea 


27K * 1^ 


lOK Pot 

m 


68K * 1^ 


75K * 1% 


50K Pot, 
i;¥ 


lOK * 2% 

0= 


O0I3M * 1^ 


50K Pot 


100 * 10^ 


0©1^M + 1% 


50K Pot 


100 * 10^ 


0©15M * 2% 


^OK Pot 


82K * 1^ 


Oo22M + 1^ 


50K Pot 


16k: ^1^ 


0©27M + 1^ 


50K Pot 

i^¥ 



All airplifier regulators contain a switch^ 32^ which 
enables one to open the feedback loop and at the saraa time int- 
roduce a test voltage of a few volts which can be varied by 
means of a potentiometer <, R7o This feature is very helpful 
iThen trouble-shooting • the ajiplifier© The first two stages of 
the IXJ amplifier operate at a bias of approximately one volt 
and draw about ten milliamperes of plate current* The screens 
operate at 130V which is also a regulated voltage « ^e last 
stage of the amplifier contains two paralleled sections of a 
6BL7 tube operated as a cathode follower© The combined tubes 
draw a total of approximately lOma of plate current with the 
grid bias being about =^V and approximately IQC^ across tSia 



Print numbers for the amplifier 5, regulator schematics 
are as follows g 

Supply Circuit Schematic 
-l^V C^O$96 

-3OV G-60660 

♦90V C-6l2llt 

-il+ov c.^1217 

«300V 0=^1219 

*10V G=.60658 

'ft250V C«61220 

R®gulators for the -d^OV and -l^OV supplies are 
shown on prints E«80ii30 and E-80I1295 respectivilyo 

Vo Thyratron Supplies 
Ao Circuit . 

The *150V and -l^OV power supplies both contain 
thyratron rectifying elements© Schematics of both rectifier 
and control circuits are shown on print E«=80l429 for the «1^0V 
supply^ E-80i430 for the *1^0V supplyo Each supply contains a 
three-phase kOk circuit breaker connected into the primary cir° 
cuit of the plat^ trans former ^j which is connected in a delta 
configuration o The breaker has a slow«=>tripping characteristic 
to handle transformer inrush and capacitor charging current© 

The plate transformer secondaries are connected in 
a forked^ configuration | the rectified voltage is taken bet« 
ween the center connection and the thyratron cathodes*, 

Bo Control 

The phase positions of the pulses supplied to the thyra- 
tron grids determine the firing time and control the average 



Yalue of the output voltage o., 

The rectified voltage is filtered by an L-C filter 
and passes to the output terminals through an ammeter and fuseo 
A voltage divider across the output provides a feedback voltage 
■ of approximately 75 volts <, toother divider across a ^783 neon 
reference tube provides an adjustable reference voltage o These 
two voltages are subtracted^ and the difference^ or err or ^ is 
fed to a filter circuit o The filter circ\iit is designed to all- 
ow the supply to regulate rapidly without beiug unstabl©o The 
filtered error voltage is amplified by a 6&JJ6 pentods and fed to 
the triggering circuit o The p'orpose of the triggeriag circuit 
is to generate a sharp 60-cycle pulse for each thyratron^ the 
phase position of which is determined by the amplifier output 
voltage© To accomplish this^ the grid of an 0^28 triode is 
overdriyen "with a sin^ wave signal from one leg of a six* star 
connection of the trigger transformer secondaries « A 1;705000 
ohm resistor clips the grid voltage in the positive region© The 
resultii^ig plate voltage is a rectaagular wave^ which is diffe- 
rentiated by an RC circuit to obtain the desired positive ptilse« 
By varying the IXJ level of the trigger transformer signal^, the 
pulse can be advanced or retarded© Each of the six trigger 
transformer legs drives a separate triode j, which is connected 
to one of the six .thyratrons ia the proper sequence so that 
each thyi°atron will be fired when its plate voltage is near 
-maximumo There is a special clanping circuit connected bet- 
ween the amplifier and the triggering circuit * This clamping 
circuit is actuated by an internal relayi, Kl| its purpose 
is to provide a means of bringing up the DC voltage gradually* 

The only difference between the *l50V and -l^OV 
supplies is the placement of the fuse^ which is in the non- 
grounded buSo 

VI Periodic Maintenance 

Periodic Maintenance of the MTG power supplies consists 
of various routine checks « The following are the most Important © 

lo All mercury-vapor and thyratron rectifier tubes are 
inspected| they should all be glowing with approxi-- 
mately equal brilliance^ and there should not b© an 
excessive amount of flicker in the tubes© 

2a AH sensitrols are visually checked to see that they 
are centereda If not^ a calibrated meter is used to 
measure the voltage of the supply in question and if 
necessary^ the supply is reset to the proper voltage© 
The adjustment is made by varying the potentiometer 
with the screwdriver adjustment notch on the ampli- 
fier voltage regulator panel© This adjustment mast 
be made with full load on the supply^ either computer 
load or the dummy load box© 



3o All series regulator plate fuses are checked to see 
that they are conducting propqrlyo This is done by 
visually checking all neon in4icator' lights associate 
ed with the plate fuses o A glowing neon indicates 
that the associated plate fuse is conducting © 

ilo All amplifier and control tubqs with the exception of 
the 6080 series regulator tubqs,, are checked periodica- 
lly on a tube testero 

5o The 6080 series regulator tubes are checked by monitor •= 
ing the individual plate currents o This is done with 
an external milliameter C0-200ma) by plugging it into 
the ftont of the series regulator panel and varying the 
switch on the right hand side of the panel o The switch 
has thirteen positions marked "off^ 1=12^0 The panel 
is normally operated with the switch in the *» off** posi- 
tion,, The meter leads are thgn plugged in^ the switch 
is varied through all positions ^ and the current is 
notedo All tubes with sections that conduct over 12^raa 
are replacedo All tubes with sections that conduct con- 
siderably less than the average current for a tube sec- 
tion are replace do 

Vn Repair of Supplies 

Ao Sensitrols 

One of the more common ailments is malfunction of 
the sensitrol sensing device « This trouble will usually occur 
when IXJ power is being tui^ned an.o The failure can be easily 
determined by the successful cycling csf several supplies up 
to a certain supplyo Visual observation of the sensitrol when 
DC power is being put on is generally sufficient to detennine 
if the sensitrol operating properly© If the sensitrol is 
damaged^ its removal must be accomplished before DC power 
can be put Gn© MTC does not stock spare sensitrols so that 
the supply must be operated without the sensing protection 
until the faulty unit has been repairedo 

Bo Voltage Reference Tubes 

•Another common ailment is failure of the VR (vol- 
tage reference) tubes© These tubes provide a reference 
source of voltage which is usually compared with the DC sup- 
ply voltage to obtain the error voltage which is aii5)lified to 
provide a grid bias reference for the series control tubes <» 
These VR tubes occasionally drift as they age^ causing power 
supply drift© Unless this drift is ceraf^stadl in normal main- 
tenance periods^ the sensitrols which are continuously sensing 
th© supplies evBntuaHy will trip^ causing lanscheduled main- 
tenance time© 
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C o „ Arc-Back 

ArC"*back is another common faulto Protection is 
provided against arc-^back by the presence of plate fuses in 
each rectifier tube and by the use of a circuit breaker 
supplying the plate ACo In most cases the circuit breaker 
will trip first when an arc~back has occuredo 

VIII Trouble "Shooting the Power Supplies 

There are two switches on each power supply which are 
useful for testing and trouble-shootingo 

A« The «*Autoraatic-Off -Maintenance" Switch o 

lo In the '* automatic" position^ this switch connects the 
power supply to the relay control circuitry for noimal 
operation o 

2o In the woff» position the switch discbnnacts all plat© 
power from the supplyo 

3o The ^'maintenance'* position is for testing* If the fuse 
for the DC output of the supply going to the computer 
is removed from the DC distribution panel j, the supply 
receives power independent of the relay control when 
its switch is in the '^maintenance*^ position© It is 
necessary to remove both the +1^07 and «150V fuses be- 
fore either of these supplies can be worked an© 

Bo On each ai!5>lifier5) regulator panel there is a 

switch which prevents the amplifier from sensing the supply 
output voltage and feeds back an adjustable level in place 
of the error signalo On the ©Ider supplies with series tube 
regulators 5 this switch is labelled ^^Test'^egulat©^^ th« 
^egulate^ position being the normal one and the ''Tegt" posi^ 
tion having the effect described above « On the jKL^Oy supplies 
this switch is labelled ^J-fenu^-A^tomatie^ « 

The best way to trouble -shoot a supply is to remove 
the fuse^ put it on ^^maintenancG^" and connect it to a dummy 
loado A resistance hax.^ mounted on ©asters^ is kept In the 
power room for this purpose « Various resistances are provided 
by switches 5 and the proper settings for each supply can be 
determined from typewritten labels, cm the booco After the 
switches have bean thrown according to the voltage desired^ 
it is well to check the resistanc® with an olj3TCB9t®S5> The box 
should be connected across the power supply bleeder by means 
of its clip leads o 
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If trouble with 'tlie "regulator'- section is suspected, 
it may be convenient to i isolate "the aiiplifier input by means of 
switclti 2 above o With the switch in- 'the "test" or I'manual" posi- 
tion, the amplifier input is disconnected from the power supply 
and is taken from the potentiometer' "¥ith"the' knob on ito The 

screwdriver-adjustment' potentiometer on the'' amplifier panel varies 

the bias on the first' aurplifiisr stage « It is' used to adjust the 
supply voltage in normal operationo 



!I^ical maintenance pfdcedure"*f or "the +15O? supplies 
might include replacement 'of 'faulty' "tfiyratronio'VThyratr^ near- 
ing end of life may glow above the ariode/^have a'pliik or yellow 
glow, or flicker excessively » However, some flickering is normal. 
The most common thyratron failure is loss of emission, which can 
be recognized by absence of blue glow and increased power supply 
60-cycle output ripple o 

Failure of the 6au6 will'causelbss of output voltage 
whereas failure of one O528 will cause increased 60 -cycle output 
ripple » 



Reference Data 








SUPPLY 


BASIC RECTIFTER 


AMPLiif'IKK REGU- 


NORMAL 


NORMAL 




SCflEMATIG _ 


LATOR .SCHKMATIC 


CURRENT 


LOAD 


+25OV 


C-57881 


c -61220 


7.IA 


35 ohma. 


-I8OV 






OolA 


18G0 ohmB, 


-3OOV 


C-57881 


C-61P19 


7»7A 


39 ohms 


-ikov . 


C-57692 


c -61217 


OoTOA 


200 ohms 


+10V 


C-57692 


C-60656 


lo9A 


5o3 ohms 


-15V 


C-57692 


c -60596 


lo7A 


808 ohms 


-3OV 


C-57692 


c -60660 


3<.3A 


9<.l ohms 


+9OV 


C-57692 


0-61214 


2«9A 


31 ohms 


+6OOV 


0-631^65 




,.0,a5A 


710 ohms 


-15OV 


E-80429 


E-80i}-29 


32o5A 


ii-<,6 ohms 


+15OV 


E-80i(-30 


E-80lf29 


280IA 


5o3 ohms 



The schematic of the series tube pianels for all supp- 
lies is given on print G-60957o On the following four pages are 
shown drawings of the panels to aid in locating adjustments.. 
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DC POWER CONTROL 

As originally conceived, MTC could use either three-phase lab 
power or a three-phase alternator located in the "basement of the B-huild- 
ingo However, the alternator had to he discarded because of the increased 
loading, for the computer room and the power room together draw 210 amperes 
of 3 phase current while the capacity of the alternator is 1^1-3 amperes. 
In order to turn computer power on, it is necessary to go through a series 
of breakers and relay control circuitry; 

1) Both main (l75A) circuit breakers should be on. These 
are located in column 12 of the building B Basement, out- 
side B-Oi^i<-o 

2) Both I75A distribution circuit breakers should be ouo 
One of these is located in the power room, B-O5I; the 
other one is in the computer room, to the right of the 
duty technician's desk, 

3) All other distribution breakers should be on. Those in 
the computer are aj.1 rated at 30 amperes while those in 
the power room.vary depending upon the individual re- 
quirements of the various power supplies, 

k) The console circuit breaker should be on. This breaker 
supplies power to the relay. 

When reading the following description of the control circuitry, 
one shoxild refer to print D-k'JO^Qo 

Turning on the console breaker actuates relay Kl, closing its 
contacts and applying power to the fuse interlock chain in the computer 
room. If all fuses are closed, power cycling will proceed as normal, if 
not, a fuse alarm will be indicated on the console. The "normal" indica- 
tor light will then be lighted. 

5) The "Standby" button is then pushed, either on the computer 
. console or in the power room. 

Pushing the "Standby" button actuates relay KI6, closing its 
contacts and applying power to.K3 and TD 11, which is a one minute 15 
second time delay. After the time delay, power will be applied through 
the closed TD-11 contacts to actuate k6o Also actuated are the K2 and 
KLU coils and the "filament on" light. Power then flows through, the 
closed K3 and k6 contacts to actuate the transfer contactor coils. The 
transfer contactors were formerly used to transfer power from building 
lines to alternator lines; however, the coils are inactive now, because 
the alternator is no longer used. Also actuated at this time are the 
time delays of 1 minute 30 seconds in each power supply, which control 
the relays that apply AC voltage to the mercury vapor rectifiers. The 
K-2 relay is also actuated, to supply a hold circuit across the standby 
switch to keep it permanently closed after it is pushed. Power flows 
through the closed contacts of the KIO and Kl4 relays, lighting the stand- 
by lights in both the computer room and the power room. 
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6) After a t-wo minute wait to allow the temperature of the 
mercury vapor rectifier tubes come up to norinal, the 
"power on" switch is pushed., This applies power to the 
Kl8 hold relay and time delay TD 15 (5 seco). 

A warning horn sounds for 5 seconds until the contacts on TD 
15 open^ stopping the horno However, a different set of contacts on the 
TD 15 relay closes s they actuate the K 10 and K 8 relays and light the 
"dc power on" lights in the computer room and power roomo For this cir- 
cuit to he completed, the fuse interlock system, the sensitrol interlocks, 
and the ac distribution interlocks must all be closed^ The K 5 relay is 
actuated when the "DC power on" lights go on, closing the K 5 contacts 
and actuating K 200 o Power is also applied to the sensitrol reset coils 
through the closed contacts of K 201o Time delay TD 2l4, approxima.tely 
1 seCo, is actuated through the closed contacts of K 200o After about 
one second the contacts of TD 2l4 close, actuating K 201 o One set of 
contacts on K 201 opens, removing power from the sensitrol reset coils, 
and ending the sensitrol reset operation » Relays K 207, K 208, and 
K 203 are actuated through a closed set of contacts on K 201 » Power 
is also applied to the plate contactor coils in the -30V, -15V, and 
+10V power supplies through the closed contact of K 207 o If the +10V, 
-15V, and -3OV supplies come on successfully, relays K 20^]-, K 205, and 
K 206 will be actuatedo AoGo power will be supplied through these 
contacts, actuating the K 202 relay, closing its contact, and supplying 
power permanently to the plate contactor coils of the -3OV, -I5V anc- 
+10V power supplies » The "on" light for the +10V, -I5V and -3OV supp- 
lies will come on, indicating successful cycling for those supplies » 
Relay K 210 will also be actuated, and together with its contact, form 
a hold circuit for the -i-lOV, -I5V, -3OV "on" lightSo All hold circuits 
for indicator lights will hold for approximately one second after d-c 
power comes on even if the cycling operation is incomplete o This en- 
ables one to see where the cycling chain has broken » 

If the +10V, -I5V, and -3OV supplies have cycled on success- 
fully, power will be applied through the closed contact of K 207 to 
actuate K 202 and the plate contactor- coils in the -3OOV, -I8OV, and 
-l40V power supplies o This closes the contacts onMi 202, permanently 
actuating the plate contactor coils on the -3OV, -15V, and +10V power 
supplies o If the -3OOV, and -l40V come on successfully, relays K 211, 
K 212, and K 213 will be actuated; the -l40V, -I8OV, and -3OOV "on" 
light will be lighted, and the relay K 222 in the hold circuit will be 
actuatedo Power will also be applied, through the closed contact of 
K 208 to relay K 203 and the plate contactor coils of the +I5OV and 
rl50V supplieso. This closes the contacts of K 203, applying power 
permanently to the -300V, -l80Vy an.d--l40V supplies. If the +15OV 
and -I5OV supplies cycle on successfully, relays K 220. and K 221 will 
be actuated, applying power to the +I5OV, -I5OV "on" light and the 
K 223 hold circuit o Power will also be applied through the closed 
contact of K 208 to actuate K 22if, K 226, and the plate contactor coils 
of the +25OV power supplyo If the :t-250V supply cycles on successfully, 
K 221 will be actuated and power will flow through the closed contacts 
K 221 and K 226, to light the +25OV "on" light and actuate the K 229 
hold circuit o Relay K 227 will also. be. actuated through the closed con- 
tacts of K 209, actuating K 227 and the plate contactor coil of the 
+3OV supplyo 



Trouble-shooting Power Control 

Power Control is essentially a series of relays, sensitrols, 
and other associated circuitry which cycle on or off the various power. 
supplies o The location of a faulty component in power control is not 
a simple matter because one lias no record of the state of the circuit 
when the failure occurredo However, power control can he simplified if 
it is thought of as two separate parts - AC control and DC controlo 
The AC cycling must he successfully completed before DC control takes 
overo DC control includes the DC sensing relays as well as the sensi- 
trol systemo Each supply, as it successfully comes on, is sensed by 
a DC relay which closes and allows power to be applied to the next suppi^o 
The successfial cycling of a group of supplies is indicated by the "power 
group" lights o The failure of any group lights to light indicates either 
trouble in AC control or failure of one of the supplies in the first 
group, which includes the +10V, "15V, and -3OV supplies o Since the 
group lights do not remain on after failure has occiirred, the indication 
is of short duration* Additional trouble shooting aids can be gleaned 
from the sensitrol indicators (if the cycling got that far) or from the 
DC meters themselves o 

Fuses in Power Control 

The power control panel in T7 obtains its power from one of 
the three phases of the lY^a^np ci2?cuit breaker located in the computer 
room AC distribution panel to the right of the duty technician's desko 
This line is protected with I5A fuses both behind the power control 
panel and at the AC distribution psmelo Both these fuses must be in 
place and the console circuit breaker must be "on" in order to obtain 
AC power in the power roomo 
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CYCLIC COH'mOL 

lo Purpose 

During troubleshooting^ and esi^ecially when using the test oscillo- 
scope^ it is desirable to loerform selected portions of a program repeat- 
edly at a repetition rate that permits observation of indicator light 
patterns and circuit waveforms with the oscilloscope <= This can be done 
with the MTC Cyclic Control in T^ which provides periodic pulses for 
"Start Over", "Clear CPC", "Stop", and "Restart".. The advantage of the 
technique is that between pulses all parts of the computer^j including the 
clock and other control units, are operating in completely normal fashion; 
hence subtle malfunctions can be "caught in the act" under realistic con- 
ditions p 

IIo Use 

Typically, computer trouble is first manifested as a failure traced 
by the programmer to one section of his program.) In that case Cyclic 
Control enables the trouble -shooter to perform the same fragment over 
and over again, perhaps varying the pulse repetition rate by varying the 
pulse generator frequency » Synchronizing pulses for the oscilloscope 
can be derived f x'om cyclic control or from a sequence gate of the in- 
struction in which an error is detected, and the operations of the com- 
puter just before the time of failure studied in minute detail. 

IIIo Equipment 

The Cyclic Control unit consists of a Multivibrator Pulse Generator 
(MVPG) and a Gate and Delayed Pulse Generator (GDPG)t= The Multivibrator 
and the Gate and Delayed Pulse Generator each have two knobs on the front 
panel, with those for the GDPG above and to the right of those for the 
MVPGo Of these, the right kjiob in each case is a fine frequency adjust- 
ment, and the left knob is a five position switch, with position one 
fully counterclockwise. The following timing table is very approximate? 

GDPG 
Delay 

1 - 22 lis 
10 - 250 lis 

90 [is - 2 ms 
85 - IT ms 
9 - 80 ms 

IV. Modes of Operation 

Reference to the schematic on the next page shows that, besides the 
"On-Off" switches, there are two switches on the Cyclic Control Panel 
that control its , connection to the coraputero With these switches 3 modes 
of operation are possible: 

A= V/hen the "Start Over - Restart" switch is thrown to "Restart", 

the "Start Over; Delay Stop - Clear CPC, Delay Start Over" switch 



Coarse Setting 


MVPG 




Period 


1 


5 - 75 ms . 


■■ ■ 2 •.- 


5 - 7»5 ms 


\ \ 3 


50 - 750 us 


k 


6-90 \XS 


5 ■ 


lo5 - 15 |is 






G i 
P(/LS£ G£N. 



SCOPE 



MV PULSE ISBN. 

ON 



A.C, 



START OVER, 
pe, - STOP 



CLEAf^ CPC 

ST ART 0V£^ . iw, o -♦ CPC 



STOP 




START OVBPL 



^^, RESTART 



I 

I 

ro 



is ineff ectivei. in this mode the MVPG supplies Restart pulseSo 
A, program may be synchronized to the MVPG by using this switch 
and interspersing the program with halt instructions so that 
the running time between adjacent stops is less than the period 
of the pulse generator© 

Bo With the **Start Over - Restart" switch on ^'Start Over"5, two modes 
are possible* In the ''Start Over^ Delay Stop"* mode, the **Start 
Over" frequency is adjusted by the pulse generator <, The delay 
is adjusted to stop the program after the point of interest 
has passedo If the delay is short conroared with the pulse 
generator period^ the indicator lights will show the place in 
the program where the stop occurredo 

Co With certain malfunctions involving In-=Out equipment or the 

clock itself I, the computer may put itself into a condition such 
that it cannot be started over until Clock Pulse Control (CPC) 
has been cleared^ In this situation one must use the "0 =*>- GPC^ 
Start Over^^ mode<, with the pulse generator period longer than 
the program duration^, and the delay set at minimumo 

Vo "Step by Step"' and *' Instruction by Instruction*^' Switches 

' There are two other switches on the Cyclic Control panels both of 
which stop the computer periodically and require it to wait for a ™Re- 
start"' pulsBo 

The "Step by Step'** switch^ when vp), stops the computer after every 
clock pulse, that is^, after every step of the Sequence Switcho 

The "Instruction by Instruction" switch^ when up5, i-ri.ll allow the com- 
puter to complete each instruction, but will cause it to stop just before 
the next Program Timing cycle and wait for a "Restart" pulsa* 
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MTC Service Manual^ Section 5 
FUNDAMENTALS; MATHEMATICS, LOGIC, CIRCUITS 

Mathematics 

a. Number Systems 

"b. Choice of a Number Base 

c. Conversions Between Binary smd Decimal Numbers 

d. Binary Addition 

e. Binary Subtraction (Complements) 
f • Binary Multiplication 

g« Binaiy Division 

Logic 

ho Mechanizing Mathematical Operations 

i. Bi -Stable Devices 

j. "AND" Logic 

k« "OR" Logic 

lo Time Sequence 

m. Multiple-position Switches 

Circuits 

n. Flip-flops 

o. Gates 

Po "Diod,e Logic" Units 

qo Driving Circuits 

r. Delay Iftiits 

s« Special Circiiits 

t. Multiple-circuit Combinations 
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Service Manual^ Section 6 
nraERUAL MEMORY 



a. Function of Internal Memory 

b. Logical and Physical Arrrangement 

c. Field Selection 
d« Program Gounter 

e. Memory Control 

f . Parity Cheeking 

Panel Memory 

g. Panel Address Register 

h» Panel Msmory Matrix Switch 

i« Toggle Switch Registers 

J. Plugboard Storage 

k. Live Registers 

Core MemoT^ 

lo Principles of a Ooincideat-Current Magnetic -Core Memory 

m<. The Memory Stack 

no Memo^ry Addrass Register 

o» Gore Memory Matrix Switch 

p« Selection Plane Drivers 

q« Read^Write Gate Generators 

ro Digit Plane Drivers 

s« Inhibit Gate Generator 

t. Sensing Amplifier 

Ue Operation During Copy Block Instruction 
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Service Manual^ Section 7 
MAIN eOMROL 



ao Function of Jfein Control 

b« The Jfester Clock and Clock Pulse Control 

Co The Sequence Switch 

do The Control Switch 

eo Function Buffers 

fo Program. Timing and FX 

go Operation Timingi Memory^ and Non-Memory Instructions 

ho Extended Control Switch 

io Establishing Initial Conditions 

Individual Instructions 

jo Setup Instruction! sof 

ko Sense and/or Performi pf 

lo Control of Input Devices j ri^ op, pf 

mo Storing into Memory ^ st^ ra, rf^ ao^ cb 

no Transfer Instraetionsj tr, tro, tn, tno, to 

Oo Reading from MemoEyj eaj> ad^ cs^ su, ao, cb 

po Arithmetie %erati©ns| . mh^ cr, sr 

qo Comparisons! id, sm, et 

ro Control of Output Devices! ds, ch, pr, op, pf 

So The Halt Instruction! ha 
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MTC Service Manual, Section 8 
THE ARITHMETIC SECTION 

a. The "A." Register 

b . The Accumulator; Partial Sum, and Carry 

c. Mechanics of Addition (with variations) 
do Overflow 

e. The "B" Register 

f . Sign Control 

g. Shifting Operations 
h. The Step Counter 

i . Multiplication 
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MTC Service Manual, Section 10 

THE MAGNETIC DRUM 

a. Basic Principles 

b» Logical and Physical J^rangement 

c» Addressing Drtim Registers 

d« Writing 

e. Reading 

f . Drum Read Switch 

g. Drum Field Switch 
h. Drum Diode Matrix 
i. Dnim Control 

J» Drum Alarms 

k. Erasing of Drum and Rewriting of Special Tracks 

1., Head Adjustment 



W« Preventive Maintenance 

X« Troubleshooting Hints 

Yo Questions 

Zo Bibliography 
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MTC Service Manual, Section ik 
CRT DISPLAYS MD AUXILIARIES 

General 

ao Computer-Generated Displays 

"bo Display Tubes 

Co Design Requirements 

do Intensification 

eo Decoders 

Display System, 12 l/2" Scope 

f o The High- Voltage Distribution Panel 

go Cathode High- Volt age Supply 

ho Post-Accelerator High-Voltage Supply 

io Scope Intensification 

jo Deflection Amplifiers 

ko Decoder and Line Driver 

lo The Console Display Scope 

mo The Light Gun 

Ho The Camera Display Scppe 

o. The Fairchild Camera 

po Camera Control 



Wo Preventive Maintenance 

Xo Troubleshooting Hints 

Yo Questions 

Zo Bibliography 
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MTC Service Manual, Section 18 
AUDIO SYSTEM 

a. The Audio Zero-Crossing Detector 

b. The Audio -Amplifier 



Y. Questions 
Z» Bibliography 



MTC Service Manual^ Section 22 
GENERAL REFERENCE INFCRMTIQN 

ao Glossary- 
bo Physical location of Points in MTC 
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GENERAL TERMS USED IN THE CCMPUTING FIELD 

(From ^:oceedlJig£ of the WE^, September 1956^ pp ll67-1173o Re- 
printed by permission of the XREo) Terms marked with an asterisk 
(«-) are those referred to quite frequently in conjunction with MTCo 



Access Time^o A time interval which is characteristic of a storage 
unit^ and is essentially a measure of the time required to communicate 
with that unito Many definitions of the beginning and ending of this 
interval are in common use,* 

Accumulators^o- A device which stores a number and which^ on receipt of 
another number^ adds it to the number already stored and stores the sum) 
Note§ The terra is also applied to devices which functicn 
as described but which also haye other properties^ 

Accu ra-cyo. The quality of freedom from mistake or error^ that isc, of 
conf^ormity to truth or to a rule* Accuracy is distinguished from "^Pre- 
cision™' as in the following exanpleg A slx<=plaGe table is more precise 
than a four-place tableo However^, if there are errors in the six-place 
table^ it may be either more or less accurate than the four-place tabla 

Addero A device which can form the sum of two or more numbers or quari"- 

titieso^ 

Addresg^o An expression^ usually numerical^, which designates a parti= 
cular location in a "^Storage"^ or **Memory'^ device or other source or 
destination of infoimationo -See also '"Instruction Code*"© 

Address garff-o In an instruction^ any part that is usually an ''Address?!' 
See also *** Instruction Code'^o 

Analog ( in Electronic Computers) o. A physical system on which the per- 
formance of measurements yields information concerning a class of mathe- 
matical problems o 

Analog Computer^ A physical system together with means of control for 
the performance of measurements (upon the system) which yield inf cre- 
mation concerning a class of mathematical problemso- 

And-Circuit'^a Synonym for '"And-Gate*' o f, 

And°Gate^o A gate whose output is energized when and only when every 
input is in its prescribed state o An "And-Gate'"^ performs the function 
of the logical **And^» ( 

Arithmetic Element-^o Synonym for **Arithmetic Unit"<,. 

Arithmetic Unit-^o That part of a conputer which performs arithmetic 
operationSo 
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Automatic Check o See *»Check'^ «»Automatic^o 

Band (in Electronic Computers) o A group of "Tracks" on a magnetic drum) 

Basgo See ""Positional Notation"o 

Binary^o See **Positional Notation^'o. 

Binary Cello. An elementary unit of storage which can be placed in 
either of two stable stateso. (See Bit) 

Binaiy '--'Coded-Decimal J3ygbe^^ A. system of number representation in which 
each decDJTial digit is represented by a: group of binary digits (eo^go^ 
'''^Excess-Three Code™)o 

Bjsmr^ Nuniber ^stem^-o See ""^Positional Notation'^o 

Binai^ Point o See "^Point^^o 

Bit (in Electronic Coraimters)*o. 1) An abbreviation of ''"Binary Digit ^V 
Yf^k single '^Character*'' of a '^Language" employing exactly two distinct 
kinds of characterso 3) A unit of storage capacityo The capacity^ in 
bitSj, of a storage device is the logarithm to the base two of the num- 
ber of possible states of the devicso. See also '"Storage Capacity^'o 

Block^o A group of '^ordji" considered as a unito 

Bor roWo See ^Carry'^^'o 

Brancho Synonym for ''Conditional Jump"o. 

Break Pointo A. place in a ^^Routine'" at which a: special instruction is 
inserted which^, if desired,, will cause a digital computer to step for 
a visual check of progresso 

Buffer^o l) An isolating circuit (sometimes an amplifier ) used to avoid 
reaction of a driven circuit on the corresponding driving circuito 2) 
A storage device used to compensate for a difference in rate of flow Of 
information or time or occurrence of events when transmitting informa= 
tion from one device to another^ 

Bug ^- (in Electronic Computers) ^ One or more conductors which are used 
as a path for transmitting information from any of several sources to 
any of several destinationso 

Cariy^^o l) A signal^, or expression, produced as a result of an arith- 
metic operation on one disrit place of two or more numbers expressed in 
""Positional Notation"' and transferred to the next higher place for pro- 
cessing there o 2) Usually a signal or expression as defined in l) above 
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which arises in adding^ when the sum of two digits in the same digit 
place equals or exceeds the "Base" of the number system in useo If a 
carry into a digit place will result in a carry out of the same digit 
place^, and if the normal adding circuit is bypassed when generating 
this new carry^ it is called a High-Speed Carry,;, or Standing-on -Nines 
Carry o If the normal adding circuit is used in such a case^ the carry 
is called a Cascaded Carry o If a carry resulting from the addition of 
carries is not allowed to propagate (eogo_j when forming the partial 
product in one step of a multiplicatdon process)^ the process is called 
a Partial Carry o If it is allowed to propagate, the process is called 
a Complete Carry o If a carry generated in the most significant digit 
place is sent directly to the least significant place (eogo^, when addirg 
two negative numbers using nines complements) that carry is called an 
End -Around Carry o 3) In direct subtraction, a signal or expression as 
defined in 1) above which arises when the difference between the digits 
is less than seroo Such a carry is frequently called a Borrow ° h) The 
action of forwa;„cding a carry o 5) "^he command directing a carry to be 
forwarded o 

Cascadefl Cax^Y" See "Cariy"o 

Cellc, An elementary unit of storage (ecgo, binary cell, decimal cell)o 

£^i§SS.^*(iB ^"leetr'onlc Cjjffiguters) c That portion of a storage medj.um 
x-^hich is accessible to a given reading st-ationo See also "Track" o 

^E^'^9.ME^'(™ §-1--?£.^£S?2-1-£ ^-'-^ir'H'^itS.) " ^^-^ ^^ '^^ ^^^ *^~ elementaxy marks 
or events .whic.E , may be combined to express iaformationo 

Notes A group of characters, in one context, may be con- 
sidered as a single character in another, as in the "Binary-Coded- 
Decimal System". 

Check* » A process of partial or complete testing of l) the correctness 
of machine operations, 2) the existence of certain prescribed conditiors 
within the computer, or 3) the correctness of the results produced by 
a "Routine" o A check of any of these conditions iniay be made automa- 
tically by the equipment or may be programmed o See also "Marginal 
Checking"; "Verification" o 

Check, Automatic o A "Check" performed by equipment built into the com- 
puter specifically for that purpose, and automatically accomplished eadi 
time the pertinent operation is performedo Sometimes referred to as a 
built-in checko Machine Check can refer to an automatic check, or to 
a "Programmed Check" of machine functions o 

Check Digits o See 'tJheck'," "Forbidden-Combination" o 

Check , Forbidden-Combi nation* o A "Check" (usually an "Automatic Check") 
which tests for the occurrence of a nonpermissible code expressiono A.,. 
Self -Checking Code (or Error-Detecting Code) uses code expressions such 
that one (or morej error^s) in a code expression produces a forbidden 
combinationo A Paritj Check maizes use of a self -checking code employir^ 



binary digits in which the total number of I's (or O^'s) in each permis- 
sible code egression is always even or always oddo A check may be made 
for either even parity or odd parityo A R@dundancy Check employs a 
self-" checking code which makes use of redundant digits called Check 
Digit So 

Check Problemo. See «»Check™p ««Programmed'«o 

9^^ I^'ogrammedo A "^'Check"* consisting of tests inserted into the pro- 
gram of the problem and accomplished by appropriate use of the machine^ s 
inastrtictionso A Mathematical Cheek (or '"Control""') is a prograiinm®d check 
©f a sequence of cperatiori^ which makes use of the mathematical proper^ 
ties, of that sequenceo A. Olieck Routine or Cheek Problem is a routine 
or problem which is d8signed"priiiiarily to indicate whether a fault exists 
in the computer^ without giving detailed infoiroation on the location of 
fault o. See also ^^Diagnostic Routine''''^| '^Test Routine'" <> 



Check RoiitSjoeg. See '"'Check^^'p "^Programmed"'' o- 

Checkg Sele ction ^ A "^Check"^ (usually an "Automatic Check"") to verify 
that the correct registero or other device.9 is selected in the p erf or-- 

rnarice of an instructiono 

Cheeky Transfe.ro A. ""Gheck"^ (ufsually an ""Automatic Check""') on the ac- 
curacy of the^transf er of a wordo^ 

Circulating^ Regis ter (02° Memog^) o A register (or memory) consisting of 
a, means ^ for delaying infonration and a. means for regenerating and rein'= 
serting the inf orraation into the delaying meanSo 

Cleaff fo To restore a storage or memory device to a prescribed statOc, 
usually that denoting aeroo See also ""Resefo 

Clock^o A primary source of synchronizing signalso 

Code^ (in Electronic Coii^uters)o 1) A system of ^"Characters"* and rules 
for representing inf ormationo 2) Loosely^, the set of characters re- 
sulting from the use of a codeo 3) To prepare a ""Routine"" in "*Machine 
Language"" for a specific conputero U) To encodej to express given infor- 
mation by means of a codeo See also "Language"" o 

Cojjimnif.> Synonym for ""Place^'o 

Comnands^o 1) One of a set of several signals (or groups of signals) 
which occurs as a result of an ""Instruction""! the commands initiate the 
individual steps which foim the process of executing the instructiono 
2) Synoixym for ""Instruction"" o 



8==12-^7 



22a«5 



Con^gmgit-^c^ l) il number whose representation is derived from the finite 
^^Positional Notation"" of another by one of the following ruless a) True 
conplement-^Subtract each digit from one less than the base^ then add 1 
to the least significant digits executing, all carries requiredo b) Base 
minus one^s complement="^Subtract each digit from one less than the base 
(eogop *^9^s complement*" in the base lOp ^^l^'s complement*"" in the base- 
2c,etQ,)o 2) To form the conplement of a number© 



Notes In mar^ machinesc, a negative nujnber is. represented as? 

a complement of the correoSpondlng positive numbero 



Complete Carry o See ^■'Carry'^'o 

Coiiigiiter^^o 1} A. machine for carrying 
a machine for carrying out specified 



2) By extension-; 
on inf ormationo 



Gond jAio nal Jmr^o iln instruction which will cause the proper one of 
XoF'moreJ^ddresses to be used in obtaining the next instruction^ depen 
ding upon some property ef one or more numerical expressions or other 
conditions G. 



■ Conditional Tr^s fer ^_ Controlg'o Synoiiym for **^C©nditional Jmip*®* 

Cjmtrol^o 1) Usually^ those parts of a digital conputer which effect 
the carrying out of instructions in proper sequence^ the interpretation 
of each instruction^ and the application of the proper signals to the 
arithmetic unit and other parts in accordance with this interpretation* 
2) Frequently^ one or more of the components in any mechanism respon- 
sible for interpreting and carrying out manually^ initiated directionso 
Som.etimes called manual controle 3) In some business applications of 
mathenaticsc, a ""Mathematical Check™». 

C^^o See "Transferee 

Correct iono See "'Error^o 

Countei^» 1) A, device capable of changing from one to the next of a 
sequence of distinguishable states upon each receipt of an iiput signal,* 

2) Less frequently^ an ^^Acctrniulator***. 



Counter^ Bingo A: loop of interconnected..bistable elements such that one 
and only one "is in a specified state at any given time and such that^ as 
input signals are counted^, the position of the one specified state moves 
in an ordered sequence around the loop* 

^^ic Shift o An operation which produces a «»Word** whose ""Characters^ 
are obtained by a. cyclic permutation of the characters of a given word© 
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IDecjjTi^ Nimber Systen^sg-p, See ^Positional Notation'^o 

Decimal Point-^^o See ^Point^^o 

Decoder^-g A network or system in which a combination of inputs is ex- 
cited at one time to produce a single outputo. Sometimes called ^'Matrix™© 

Delay" Line (in Elgctronic Con^uters)-s^*-o 1) Originally^ a device utilizing 
wave propagation for producing a time delay of a signalo 2) Commonlyc, 
aj;^ device for producing a time delay of a signalo 

Delay ^jDMB Hgiioryo Synoi^ym for ''^Delays-Line Storage^o 

De lay;;^-Line Storageo A. storage or memory device consisting of a delay 
line^imS^e'ans for regenerating and reinserting information into the 
delay liae^ 

Diagnostic Routineo A ^Routine'''' designed to locate either a malfunction 
in the computer or a mistake xq. coding© See also ™Gheck% "^Pro grammed^ o 

Djjf erentiatoi^^ (m Ej^ctronic Conroutersjo A devicep usually of the 

analog typecj whose outp'at is prtoportional to the derivative of an input 
signalo- 



Digit^o See ^Fositional. Notation 



i a 



Digital ComDuter^o A coraputer which operates with information^ numerical 
^""otherwisep represented in a digital formo 



Le jlength Nmnbero A number having twice- as many digits as are ordi^ 
narily tised in a given coiiputero- 

Double^-Pr ecision Ntimbero Synonym for "Double'=Leiigth Number'^'o 

EncodeTo A network or system in which only one input is excited at a 
time and each iiiput produces a combination of outputs o Sometimes called 

«81fetrix''*o 

End-°Around Carryo- See '^Garry**© 

grror^o L) In mathematics^, the difference between the true value and a 
calculated or observed value©- A quantity (equal in absolute magnitude 
to the error) added to a calculated or observed value to obtain the true 
value is called a **Correction^» 2) In a conputer or data-processing 
system^, any incorrect stepp process^ or resulto In addition to the 
mathematical usage^, in the computer field the term is also commonly used 
to refer to machine malfunctions as **Maihine Errors^* and to human 
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mistakes as ^''Ifeman Errors^ It is frequently helpful to distinguish 
between these as f o'liows§ . errors result from approximations used in 
numerical methods| Mistakes result from incorrect programming^ coding^ 
data transcription^ manual operationc, etCo^ Malfunctions result from 
failures in the operation of machine components such as gates^ flip -'flops, 
aiiplifiers^ etco 

See ^''Check*"^ '^Forbidden=Combination»»o 

ggcess^^^Three Codec A number '^Code"* in which the decidial digit n is rep- 
resented by the f oux-bit binary equivalent of n + . 3o 

See also ^''^Binaiy-Coded-Decmal System"^*" o 

ibctract^o To fojam a new ^Word™' hy juxtaposing selected segments of 
given words o 

FjjCgd°Foinfc gZ£iSS^« ^®^ ""Point''*' o 



Fllp'=^Fl0p^» 1.) A, device having two stable states aid two iriput terminals 
Tor types of iiput signals) each of which, corresponds with one of the two 
stateso The circuit remains in either state until caused to change to 
the other state by application of the corresponding signalo 2) A simi- 
lar bistable device with an ixspat which allows it to act as a single- 
stage binary ^'^Counter^o 

Floating^^t gystemi^o See "^Poinf^ 

'Flm\ Biagram (/^i. '^«s£t£^]^ S^^E^Sti^S.^'^" ^ graphical representation of 
ir®Pro^im^""or a '''Routine™ o 

Forbidden^Combiiiation Che^^o See ^Check% ''''Forbidden«Conibination™6 

Four^Address Codeo See ""Instruction Code^o 

Gate (^ Electronic CCTiguters)^o A circuit having an output and a multi- 
plicity of inputs so designed that the output is energized when and only 
when certain input conditions are meto See also ^And-Gatej •"(^•^Gate*'** 

Notes Sometimes '"Gate"* is used for ""And-^gate^'o 

Haj.f Addero A circuit having two input and two output channels for 
binary signals (O^l) and in which the output signals are related to the 
iriput signals according to the following tables 



8<»12==57 



22a-8 



A+B Irputs 



Outputs 



A B 


Sum 


Carry . 

















1 


1 





1 





1 





1 


1 





1 











(So called because two half adders can be used in the construc- 
tion of one biaarj ""^ Adder ^^) «. 

Hexadecimal o See "''Positional Notation^o 



Inhibiting jtoputo A ^Gate*^ input whichp if in i' 
vents any ou"Eput which might otherwise occuro 

Instruction'^o See "Instruction Code"o 



prescribed state^ pre- 



Instruction Godg^o An artifical '^Language'*' for describing or expressing 
the instiiictions which can be carried out by a digital computero In 
automatically sequenced conputersp the instruction code is used when 
describing or e^jpressing sequences of Ins tract ions o and each instruct 
tion word usually contains a part specifying the^'^eration to be per° 
formed and one or more ''Addresses'* which identify a particular location 
in storageo. Sometimes an "Address Part'' of an instruction is not inten- 
ded to specify a location in storage but is used for some other purposeo 

If more than one address is used^, the code is called a Mult5^1e° 
Address Codec/ In a typical instruction of a Four°Address Code the 
addresses specify the location of two operands^ the destinaibTon of the 
result^ and the location of the next instruction in the sequenceo In a 
typical Ttoee^Address Code^ the fourth address specifying the location 
of the nexE~"3jastruction is dispensed with and the instnictions are 
taken from storage in a preassigned ordero. 

In a typical Qne^Address or S to^le°Ad^^sg . Cgde^ the addres 



may specify either the location of an operand to be taken from storage^ 
the destination of a previously prepared result^ or the location of the 
next instruction* The arithmetic element usually contains at least two 
storage locations^ one of which is an accumulatoro For exau^le^ opera- 
tions requiring two operands may obtain one operand from the main stora^ 
and the other from a storage location in the arithmetic element which is 
specified by the operation part* 
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^Integrator (^ Electronic Computers) o, 1) A. device whose output is pro- 
portional to the integral of an input signals 2) In certain digital 
machine S5 a device for numerically accomplishing an approximation to 
the mathematical process of integration* 

Jmnp^ To (conditionally or unconditionally) cause the next instruc- 
"Hon to be selected from a specified storage location© 

teiiliEiE (^ ^gct ronic Corryuters) o l) A system consisting of a) a well 
defined^ usually finite^, set of characters^ b) rules for combining 
characters with one another to form words or other expressionsi and 
c) a specific assignment of meaning to some of the words- or expressions^ 
usually for communicating information or data among a group of people<, 
machines^ etc© 2) A system similar to the above but without any specie 
fie assignment of meaningSo Such systems may be distinguished from 
1) above^ when necessaryc, by referring to them as foimal or uninter-= 
prated languageso Although it is sometimes convenient to study a 
language independently of any meanings^, in all practical cases at 
least one set of meanings is eventually assignedo See also "Code'"! 
^^Machine Language*^ » 

Logi^o See '"Logical Design*' <> 

Logical Design^.y l) The planning of a computer or data-processing 
system prior to its detajied engineering design* 2) The synthesizing 
of a network of ^'Logical Elements*" to perform a specified functiono 
3) The result of 1) and 2) above^ frequently called the Logic of the 
^stoHi, machine<, or network© 

Logical Diagram^o In ^'Logical Design^ a diagram representing the 
^^Lo^xal Elements'"^ and their interconnections without necessarily ex° 
pressing construction or engineering detailSo 

Logical Element^i^o In a conputer or data-processing system^ the smallest 
buHding blocks which can be represented by operators in an £^propriate 
system of symbolic logiCo Tjrpical logical elements are the and^-gate 
and the flip°flqpp which can be represented as operators in a suitable 
symbolic logiCo 

Logical Operation^o 1) Any nonarithmetical operationo Examples ares 
**Ebdirac't% logical (bit-wise) multiplication., '^Jump™^ data transfer, 
etCo 2) SometimeSc, only those nonarithmetical operations which are 
e^ressible bit^wise in terms of the prepositional calculus or a two« 
valued Boolean algebrao 

Logical Symbolo A symbol used to represent a "Logical Element" graphi- 
callyo. 
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Machine Checko. See "Check"^ "Automatic"o. 

Machine Languageo l) A ""Language^p occurring within a machine^ ordi- 
narily not perceptible or intelligible to persons without special equip- 
ment or training© 2) A translation or transliteration of l) above into 
more conventional characters but frequently still not intelligible to 
persons without special trainingo 

Major Cycleo In a storage device which provides "Serial" access to 
storage positions^ the time interval between successive appearances of 
a given storage position* 

Malfunctiong See "Error? 

Marginal Checking^o A preventive maintenance procedure in which certain 
operating conditions^ eo g>5 supply voltage or f requency^ are varied 
about their normal values in order to detect and locate incipient defec- 
tive units o See also '""Check^o. 



Marginal Testing^o Synonym for "Marginal Checking" o 

Master Routineo, See*'Subroutine'^o 

Mathematical Check* See ''Check"c, "Programmed"o 

Matrix ( in Electronic Computers )-^o l) Any logical, network whose con- 
figuration is a rectangular array of intersections of its input-output 
leadSj, with elements connected at some of these intersections^ The 
network usually functions as an "Encoder" or "Decoder"^ 2) Loosely, 
any encoder^ decoder^, or "Translator" o 

Memory«-o See "Storage"© 

Memory Capacity^o Synonjmi for "Storage Capacity"o 

Minor C ycle o In a storage device which provides "Serial" access to 
storage positions, the time interval between the appearance of cor- 
responding parts of aiccessive wordso. 

Mistakeo See "Error "o 

Mult ip le°Addr e s s Code^. See "Instruction Code"c^ 

Multiplier^o A, device which has two or more inputs and whose output is 
a representation of the product of the quantities represented by the 
input signals o 
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Numbei^o l) Formally<, an abstract mathematical entity which is a gene- 
ralization of a concept used to indicate quantity^, direction^ etc* In 
this sense a number is independent of the manner of its representation* 
2) Commonly § A representation of a number as defined above (eog», the 
binary number "10I1JL0% the decimal number ^*3^9^^s' ^^ ^ sequence of 
pulses) o 3) An expression composed wholly or partly of digits which 
does not necessarily represent the abstract entity mentioned in the 
first meaningo 

Notes: I'Jhenever there is a possibility of confusion between 
meaning 1) and meaning 2) or 3)$ i"t is usually possible to make an unam« 
biguous statement by using '"n'umber** for meaning 1) and ^numerical ex-^ 
press ion"* for meaning 2) or-3)o. 

Number System^o See "Positional Notation**o 

Octal-g^o See **]Positional Notation*** 

Octonaryo See "Positional Notation"o 

One^Address Code^o See ^^Instruction Code"* 

Operation Code^o l) The list of "Operation Parts" occurring in an "In- 
struction Code";s together with the names of the corresponding opera- 
tions (eoga<) "add"^ "unconditional transfer";p "add and clear"^ etCo)o. 
2) Synonym for "C^eration Part** of an ins true tiono 

Operation Parto. In an instruction^ the part that usually specifies the 
king of operation to be performedj, but not the location of the operands* 
See also ^^Instruction Code"* 

Or^Circuit-^Q. Synonym for "Or-Gate"*. 

tojgr^o 1) Synonym for ^^Instruction" <> 2) Synonym for "Command" » 3) 
Loosely^, synonym for "Operation Part"<,. 

Notes The use of "Order" in the computer field as a synonym 
for terms similar to the above is losing favor owing to the ambiguity 
between these meanings and the more common meanings in mathematics and 
business* 

Or°Gate^o A. gate whose output is energized when any one or more of the 
ir^nits is in its prescribed state^. An or=-gate performs the function of 
the logical "inclusive or"* 

Overflow«-o l) The condition which arises when the result of an arith- 
metic operation exceeds the capacity of the number representation in a 
digital coii5)utero 2) The "Carry" digit arising from this condition* 
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Parallel (in Electronic Computers )-»o Pertaining to sjjnultaneous trans° 
mission of, storage of^ or logical operations on the parts of a word^ 
character^ or other subdivision of a word, using separate facilities 
for the various partso. 

Parallel Digital Computer^ o One in which the digits are handled in 
parallelo Mixed serial and parallel machines are frequently called 
serial or parallel, according to the way arithmetic processes are per= 
formedo- An exaii5)le of a parallel digital conputer is one which handles 
decimal digits in parallel although it might handle the bits which com'=' 
prise a digit either serially or in parallelo See also "Serial Digital 
Conrouter"o 

Parity Checki^o See "^Check™^ *'Forbidden-Combination'*o 

Partial Carryo See ** Carry" <> 

Placeb o In "'Positional Notation^j, a position corresponding to a given 
power of the base o A digit located in a^y particular place is a co° 
efficient of a corresponding power of the base© 

Pointsfp In ''^Positional Notation", the "Character"^ or the location of 
an implied symbol^ which separates the integral part of a numerical 
expression from its fractional parto For exanple,, it is called the 
Binary Point in binary notation and the Decimal Point in decimal nota- 
tiono If the location of the point is assumed to remain fixed with 
respect to one end of the numerical expressions^, a Fixed-'Point S;y;sten. 
is being usedo If the location of the point does not remain fixed with 
respect to one end of the numerical expressions^, but is regularly re- 
calculatedi, then a Floating-Point System is being usedo 

Notes A fixed^point system usually locates the point by 
some convention^ while a floating-point system usually locates the 
point by expressing a power of the base© 

Positional Notation^o. One of the schemes for representing numbers^ 
characterized by the arrangement of digits in sequence^, with the under^ 
standing that successive digits are to be interpreted as coefficients 
of successive powers of an integer called the Base of the Number System^ 

In the Binary Number System the successive digits are inter <= 
preted as coefficients of the successive powers of the base two just 
as in the Decimal Number System they relate to successive powers of the 
base teno. 

In the ordinary number systems each Digit is a "Character" 
which stands for zero or for a positive integer smaller than the 
baseo 
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The names of the number systems with bases from Z to 20 are5 
Binary-g TeTnarjs quaternary, quinary, senary^ septenary, Octonarys 
(also Octal )g, novenary^ decimal, undecdjnal, duodecimal^ terdenaryp 
quaterdenary, quindenary. Sexadecimal (also Hexadecimal ), septend'ecimal, 
octodenary, novendenary, and vicenaryo ' The sexagenary number system 
has the base 60 » The ccmmonly used alternative of saying '•Base-3"^ 
"Base-ii'', etCo.,, in place of tenary, quaternary, etc, has the advantage 
of uniformity and clarity o 

Precision» The quality of being exactly or shaiply defined or stated* 
A measure of the precision of a representation is the number of dis- 
tinguishable alternatives from which it was selected^, which is some- 
times indicated by the number of significant digits it containso See 
also '* Ac curacy'* o 

Program-^-Q l) A plan for the solution of a problemo 2) Loosely, a 
synonym for **Routine"o. 3) To prepare a programo 

Programmed Checkup See "Check", "Programmed" o 

RadiXo- Synonym for "Base"o 



Read^o To acquire information, usually from some form of storage... See 
also "^rite^'o 

Redundancy Checks See "Check", "Forbidden-Combination"* 

Regeneration (in Electronic Computers )o In a storage device whose in- 
formation ' storing""sTabe"liiay deteriorate, the process of restoring the 
device to its latest undeteriorated statso See also "Rewrite'* o 

Register^o^ A device capable of retaining information, often that con- 
tained in a small subset (eog», one ^Word") of the aggregate information 
in a digital conputero See also "Storage" o 

Register Length^^o The number of characters which a register can store* 

Resets* o- 1) To restore a storage device to a prescribed stateo 2) To 
place a binary cell in the initial or "Zero"*' state* See also " Clear" <> 

Rewrite^o In a storage device whose information storing state may be 
destroyed by reading, the process of restoring the device to its state 
prior to readingo 

Ring Counter o See "Counter", "Ring"o 

Routine-^o- A set of instructions arranged in proper sequence to cause a 
con^uter to perform a desired operation, such as the solution of a 
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mathematical problemo 

Selection Check o See ««Check"p ^oSelection^o 

Self -Checking Code o See "Check«% "Forbidden-Combination" « 

Serialo Pertaining to time-sequential transmission storage ofp or logi~ 
cal operations on the parts of a word^ using the same facilities for 
successive parts* 

Serial Digital Computer^ One in which the digits are handled serially* 
Mixed serial and parallel machines are frequently called serial or 
parallel according to the way arithmetic processes are performed,. An 
exairple of a serial digital con^Duter is one which handles decimal 
digits serially although it might handle the bits which conprise a 
digit either serially or in parallel* See also "Parallel Digital Corn- 
puter°"'o 

Set-J^a 1) To place a storage device in a prescribed state* 2) To place 
al^inaiy cell in the "^One*® state* 

Sexadeclmalo See ""Positional Notation"* 

Shifty* Displacement of an ordered set of characters one or more places 
to "the left or right* If the characters are the digits of a numerical 
expression^ a shift may be equivalent to multiplying by a power of the 



Sign Digit^c^ k character used to designate the algebraic sign of a 
number* 

Single-Address Codg^* See '"Instruction Code"* 

Standing On-Nines Cariy* See '"Carry"* 

Staticiaero A storage device for converting time sequential information 
into static parallel information* 

Stora^e^o. 1) The act of storing information* (See also "Store"*) 
2) Any device in i^lch information can be stored^ sometimes called a 
Memory device* 3) In a computer^, a section used primarily for storing 
information* Such a section is sometimes called a Memory or a "Store" 
( British)*. 

Noteg The physical means of storing information may be elec= 
trostatiCp ferrpelectriCp magnetic^ acoustiCp optical^, chemical^, elec-^ 
tronic^ electric^lp mechanicalp etc*^ in nature* 
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Storage Camacl^^a The amount of information that can be retained in 
a storag©( or memory ) device^ often expressed as the number of "Words" 
that can be retained (given the number of digits^ and the base, of the 
standard word)o 

When coir55arisons are made among devices using different bases 
and word lengths^ it is customary to express the capacity in "Bits" o 
This number is obtained by taking the logarithm to the base 2 of the 
number of distinguishable states in which the storage can existo 

Notes The '"Storage (or memory) capacity of a con5>uter" usuaOOy 
refers only to the principal internal storage sectiono 

Store^o l) To retain information in a device from which it can later 
be withdrawno 2) To introduce information into such a device,, 3) 
British synonym for ^'Storage''* 3)© 

Subroutines-^ 1) In a *»Routine'*p a portion that causes a conputer to 
cariy out a well-defined mathematical or logical operationo 2) A 
routine which is arranged so that control may be transferred to it 
from a Master Routihe and so that^, at the conclusion of the subroutine^ 
control reverts to the master routine o Such a subroutine is usually 
called a closed subroutine© A single routine may simultaneously be 
both a subroutine with respect to another routine and a master routine 
with respect to a thirdo Usually control is transferred to a single 
subroutine from more than one place in the master routine and the reason 
for using the subroutine is to avoid having to repeat the same sequence 
of instructions in different places in the master routineo 

Temaryo See *™Fositional Notation*'o 

Test Routine^ 1) Usually a synonym for **Check Routine**o 2) Sometimes 
used as a general term to include both check routine and "Diagnostic 
Routine'^'o- 

Track (oji Electronic Computers)^^ That portion of a moving- type storage 
medium which is accessible to a given reading stationj: eogo^ as on 
film^ drumi, tapes^ or discso. See also "Band"* 

Transcrlbero Equipment associated with a computing machine for ths pur- 
pose of transferring iiput (or output) data from a record of information 
in a given language to the medium and the language used by a digital 
coit53uting machine (or from a computing machine to a record of informatdorj< 

Transfgr^o 1) To transmit^ or C^^ information frcm one device to 
another© 2) To "Jump"© 3) The a6t of transferringo 

Transfer Check© See ""CheckWo "Transfer"© 
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Transfer Control»o Synonym for '^Jump^'o 

Translator o A network or system Imving a niimber of iiputs and outputs 
and so connected that signals representing information expressed in a 
certain code^ when applied to the inputs^, cause output signals to appear 
which are a representation of the ir^jut information in a different codeo 
Sometimes called •'Matrix^o 

Unconditional Jxiinp^o An instruction which interrupts the normal pro- 
. cess of obtaining instructions in an ordered sequencep and specifies 
the address from which the next instruction must be takeno 

Unconditional Transfer of Cpntrol^o Synoriym for *»Unconditional Junp*"* 

Unit-^o A portion or subassembly of a conputer which constitutes the 
means of accon^Dlishing some inclusive operation or functioiv ^s§ "Arith- 
metic Unit**o 

Yerifica tioiio The process of checking the results of one data trans^- 
cription against the results of another data transcription» Both 
transcriptions usually involve manual operations^ See also "Check" o 

Volatile^ A term descrdptive of a storage medium in which information 
cannot be retained without continuous power dissnpationo 

Notes Storage devices or systems enploying nonvolatile media 
may or may not retain information in the event of planned or accidental 
power removalo 

William s°Tube Storage o A type of electrostatic storage o 

Word (in Electronic Computer s)-g^o An ordered set of "Characters" which 
is the normal unit in which information msQr be stored^, transmitted^ or 
operated lapon within a computer o 

Word TimBo Synonym for "Minor Cycle" o. 

Write^o To introduce information^, usually into some form of storageo 
See also "Read"o 
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Ho Terms Used in MTC 

Many of the general, terras in I are used 'in MTC< 
there are special terms frequently usedo 



In addition. 



AND Circuit o Usually " a diode circuit with 'two' or ' more' »^evel" " inputs 
and one ^leveiw output o If all inputs "are at +10 volts^ the output 
will be at +10 volts o If any one input is at -30 volts^ the output 
will be at «30 voltSo 

Breaker o A- circuit breaker o A switch " usually' for "AC that' can Tdb used 
to make or break a heavily loaded circuit o" Usually the breaker has an 
overload feature that opens the circuit when the breaker "s current 
rating is exceeded© 

Decpdeo To perform the necessary msuiipulat'ibh in' order" to designate 
one unique output for an input of several" separat'e uiiits'o For binary 
decoding this implies examining ai Binary word of n bits and designating 
one of 2^ outputs o (See >»Decoder"o) 

De coder o A device which decodes© A binary decoder would appear as 
follows g 



3 Bit Input 



8 Position Output 




Decoder 




Only one output 
is at +10 volts, 
the rest are at 
-30 volts o 



Input Words 



Output Line Selected 



001 
010 

on 

100 
101 

no 
in 





1 

2 
3 

If 

5 
6 

7 
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Diode o A two«tenninal device ' that offers a~high resis tehee to " current 
flow in oiie direction but a low resistence to current flow in the other 
direction© 

Displayo A picture on a Cathode-Ray Tube] or the" Cathode «Eay Tube, it- 
self ^ with the associated 'circuitry necessary to provide control of the 
electron beam in the. tube o 

Fields A group of storage registers^, usually" cohtaihing 20ii8 registers o 
AISO5 the irords that w,c?jO.# go into a field of storage might be called 
a fieldo 

Flexoo The Flexowriter printing or punching device o 

Incident o An occurrence of failure of " the HTC computer or some part 
of the computer or its associated equipment o 

Jacko A connector (male or female) 'used with "video cable" to^ bring 
the end of the cable into a circuit© 

Level o A voltage of +10 or ^=30 used throughout MTC to control the 
passage of ''^pulses'* through gate tubeso A voltage of +10 on the 
suppressor of a gate tube allows passage of the pulse through the tubeg 
a voltage of «=>30 prevents passage of the pulse© 

Live Registerp A register ' of flip-flops that can be substituted for 
a register of Panel Memory© 

Magnetic^llore © A small toroid of ferro-magnetic material that is a 
permanent magneto It can be" magnetized foir computer piarposes in one 
of two directions and srdLtched from one direction to the other© 

j^toijc© A group of properly connected AND circuits to perform some 
function^ usually to decode© 

Mixer© One or more diodes with" appropriate circuitry to provide 
passage for two or more input "pulses'* into' a single output^, but 
preventing the passage of a pulse on one input 'from travelling out 
on another input© Also called an "CH"^ circuit© 

MTC© The Memory Test Computer named for its original function^ to 
test a magnetic-core memory© MTC has siiice outgrown its original 
function© Alsoc, the personnel and brganization forming the section 
in Group 6k for operating and maintaining The Memory Test Congjuter© 

OR Circuit© A (»mi3!Br«»© 

jMEL© The Hioto«Electric Tape Reader made by Ferranti Ltd* for reading 
punciied paper tape© 
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PlUe Plug-Ih Unit^ a circuit wired onto a \mit with a ina3B plug:) 
such that it can- be easily connected oir disconnected £r6m' the 
wires on the female plug leading into or out of the circuitiyo 

PIUMPo Plug=Ih Unit Mounting Paiel^ a numBer"'bf female plug con- 
nectors mounted on a special panel for incorporation into racks in 
MTCo PIU's plug in PIUMP'So 

Plugboard o A board with many holes where special "Plug~wires" can 
be installedo The configuration of plugwires" can be " fixed' when the 
plugboard is connected' into a female r^ jperfbrm' a parti- 

cular storage© Plugboards are used in Panel Iferaory and with the 
card machine o 

Plu^c^wireo A wire or device which provides rigid pins for use with 
a plugboardo 

Pulse o A Ool- lis burst of voltage istartihg at' vdlts^" reaching a 
pealc""of several volts in ' about ' Oo05 |is and" then" falling off " to " ' 
volts again in an additional OoOS* jiSo These pulses can be considered 
as being half sine waves© 

SAPo Symbollic Address Program^" "a "program for'MTC for" converting ' ' 
instructions punched in Hollerith ~c6de on" IBM cards iiito l;-6««^ tape ^ 
or binary IBM cards for reading directly into MTCo See Section 23 « 

Seguenceo Qm ^of 8 possible ste"ps bf^ah instruction br' Program 
Timing of MQo An instruction may use two or more sequences© 

Sl^AP© Syrabollie Address Assembly Program^ a prbgram'f or MTG for 
converting flexo tape of a particular format into it*^^ tape for 
reading directly into MTC© 

Sequence Pulse© The pulse " that appears for the performance of a given 
sequence of an instruction© 

TAFo The Tape Adapter Frame ^"^ a "piece of SAGE equipment' bought" from 
IBM to provide 'an intermediate control for communication between MTC 
and tape units© 

Terminator© A resistor used between the signal lead; and ground {or 
shield lead) at the end of a video" cable to" pr6vide~ the cable with 
the proper end in^Dedehce© Terminators may appear as bare resistors 
or as small metal units on male ^jacks**© 

Toggles© A set of toggle switches^ usually those used with Panel 
Memory© 

Transfer© The instruction used tb ourap program cbntrbr of MTC from 
one address to another© Also^ the act of performing the jump© 

Transient Error© A failure of MTC which appears" for a short time ^ 
interrupting operation^ but not preventing further proper operation© 
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Video Cable o A. special cable consisting of a wire surrounded by a shield9 
with appropriate insulation, used for piping pulses around MTCo The 
characteristic iupedence of the cable for Ool |is pulses in 93 ohms a 
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UTILITY PROGRi\MS 



Input 

a„ "l^^S-S tape" ---Read-in- '--Auto Start 
bn Binary Cards — -Binary -Card Load 
Binary Card Corrector 

Conversion 

Co Basic Conversion 

d< Zp;\2c{iio Address Assembly Program (SYAAP) 

eo S;v'ii*!Dol.lc Assembly Program (SAP) 

Post Mortems 



fo 


Magnetic Tape 


g^ 


Octal Scope 


h« 


Octal Card 


io 


Decimal Card 


.> 


Octal Flexo 




Punchout 


ko 


k--6"6 tape 


lo 


Binary card 


rac, 


h-'G-G Relocation 



Clear Core Storage 



nc Clear Fields Tape 
Oo Clear Memory Card 
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STRUCTURE OF COIWERTE D jk-G-S) TAPE 

Tapes produced by MTC conversion and assembly programs are 
called "i|-'-6~6" tapes o This format was chosen so that bhe tape can be 
read into the computer by a simple plugboard program. « The binary value 
of a ''^ word"*' is punched on it "with a punch standing for. a one, and no 
punch for a zeroo The Photoelectric Tape Reader is wired so that it 
will ignore all inf o.rmation not accompanied, by a punch in. the seventh 
positiouo Hence a line of tape can store only six digits, and three 
successive lines of tape are required to store a sixteen-bit MTC word, 
A word is punched on tape in the following fashions 

l6~digit word 





hole noo 


1 


2 ,3 o ii- 5 6 7 


- 


~ A o B C DjX 


E 


F G .. H J K;X 1 


L 


M N c P Q RtX i 


"~"~ 


"7'^Z^~Z-Z'"' 




'feed holes' 7' 



ABCDEFGHJKLMNPQR 



k digits 6 digits 6 digits 



7th .holes accompanying 

a word are always punched^ 

The nam,e "h''-6-6 tape" origiiiaT.es from, the fact that a .1,6 bi.t word is 
broken into successive groups of k, 6_, and 6 bitSo 

.Readi.ng ^-D-^ tape^ reassembling the l6~digit words ^s and stor- 
ing them i.n their prope.r locations in the computer are accomplished by 
the "k'-6''6 Read-in Prog.ram"o This program is stored sem.i™peimanently in 
the computer in registers with octal addresses O-'^O through, 0-77.? "Plug- 
board Storage" o Pushing the button labeled "Start (over) at 40" (octal) 
on the computer contro.l panel causes the computer to start performing 
the k-6'-6 Read'"in P.rogramo The photo-electric tape reader is under the 
control of the Read-ln Prog.ramo 

Normally,, the l6 bit words are read from the tape,, assembled 
one word at a time^, and stored in consecutive memory registers in the 
computer o There are three circumstances, however j, which require that 
the k-6-6 input program be able to perfoim other functions s 

l) At the beginning of the tape, and frequently elsewhere, 

it is necessary to specify an address at which the Read-in 
Program is to start storing words <> 

2.) At the end of a tape, and occasionally elsewhere, it is 
necessary to direct the computer to leave the kS-S input 
program and to start taking instructions from a particular 
address in the main program.. This is called "changing 
control to the main program" o 

3) A checking procedure known as "sum-check" is used to check 
the reliability of the tape punching and reading equipment o 
This is done by accumulating the arithmetic sum of all 
words read in since the previous check sumo Each word 
read in is added to the cumulative sum, and "overflow" 
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(any part of the sum which is greater than unity) is 
neglectedo This sum accumulated by the Read-in Program 
is compared with a supposedly identical sum which is 
punched on the tape.. If the sums do not agree, a mistake 
has been made and the Read-in Program stops with a "pro- 
grammed" alarm- 

Each of these three special situations is controlled by "key 
words" on the k-6-6 tapeo The first of each group of three lines on 
tape has two positions which are not required by the l6-bit binary 
wordo The second of these spare positions is not used, but the first 
position is occupied by a single bit called the "directive bit"o If 
the directive bit is a "0", the accompanying word is a key word -- in 
reality an instruction which will be performed by the Read-in Progranio 
If the directive bit is a "1", the accompanying word is to be handled 
by the Read-in Program, in accordance with the most recent pair of key 
words o 

The h'-6-'6 tape is divided into blocks by the different key 
words o There are four types of blocks on k-G-S tapeo 

ao Store Block 

A block, or group of words to be stored, begins mth a pair 
of key words s sof a and _st x, which designate that the first 
word of the block is to be stored in register x of field a, 
and that the block is a store block o In the absence of other 
key words, the Read-in Program infill autoinatically store the 
succeeding words in successive registers o 

bo Transfer Block 

This group of words stops the Read-in Program and starts the 
main program ("changes control to the main program" )o The 
entire block consists of two key words, sof a and tro x, 
which will set the computer up to tak,e t^he next instruction 
from register x of field a, the address of the first instruc- 
tion of the main program. 

It is sometimes desirable to "nullify" a transfer blocks that 
is, to make it have no effect on the Read-in Programo This 
can be done manually by punching a single hole in position "c" 
which will change the second key word from tro x to sof x° 
The result is a "nullified transfer block" o 



Sum Check Block 

A sum check block consists of two key words followed by a check 
stim wordo The key words are sof and id 50 (octal) o These 
words direct the Read-in Program to compare the check sum (#l) 
it finds on tape with the check sum (#2) which the Read-in 
Program has accumulated in register O-5O (octsJ.)o 
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Check Sum Reset Block 



Because of space limitations, the Read-in Program is unable to 
set the check sum to zero, hence the need for a "check sum reset 
block" = The reset block is in reality a store block vhich stores 
the quantity zero in Or-50, the register assigned for the check 
sumc Following reading in of a reset block, the Read-in Program 
will accumulate a simi of all words and their directives which 
are read from tapeo After an appropriate number of words on 
tape, a sum check block will be found » When the sum check 
block is encountered by the Read-in Program, the sum accumula- 
ted thus far will be checkedo If there is more data on the tape, 
a reset block should occur so that a new sum may be begun o 

A graphic representation of the various kinds of blocks is given 
below: 



store 
block 



nullified 
transfer transfer 
block block 



00 



sof a 



00 



st X 



10 



word 1 



00 

— - 1 


sof a 


00 ^ 




tro X. 

! 
I 




check sum 
reset • 
block . 



00 






sof.. 


00 






St 50 


10 




Oo 


00000 




sum check 
block 
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READ-IN PROGRAM 

The Read-in Program is the most frequently used program in M3XJ. 
The program is quite compact because of space limitations. Its flow 
diagram follows: 



Z- 



Read ''word" and 
determine its 
type* 



Control Words 



Determine which 
control word has 
"been read, and 
change the pro- 
gram accordingly. 



jy 



Program Words 



Do as directed by 
previous control 
words. (That is 
store the word, or 
conrpare it with the 
computed check sum. 



Set to store next 
program word in the 
next consecutive 
register. 



Add the "wqr^" if 
it is a control word 
or "word +1" if it 
is a program word, 
to the check sum. 
Retvirn to beginning 
for next word. 
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KEY WORDS 

Key words are distinguished by the positions of the "onss" in the 
instruction code. This is especially easy since there are only ^ key 
words: 

sof = 10101 
tro =: 10001 
St = 00100 
id = 00011 

These are always stored in LR2, 0-62, when they are encountered. 

a. If the key word in the accumulator is positive, it is assumed 
that the word is either st x °^ i^ ^^ ^^ either case, this 
key word need then only "be added to the check sum, since it is 
already stored in LR2. 

ho If the key word in the accumulator is negative, however, it 
must be tested to distinguish between sof = 10101 and tro = 
10001 J this can be done quite easily by cycling the word to 
the left two places, i.e. to the right 30 places, and sensing 
the "sign bit". If it is a "1", the word is a^ and should be 
stored in LRl, 0-6l, before it is added to the check sum. If 
it is a "zero" simply halt the Read- in Program. 

If the transfer block is correct after reading in a tape, the 
program can be restarted merely by hitting the restart button. 
Because the halt of the Read- in Program is in register 0-5T^ 
restart will start at register 0-60, perform a senseless cycle 
left 2 and then perform the key words in live registers one 
and two, which are sof a, tro x respectively. 

read in 3 lines of tape with directive bit 
in sign bit 

if negative > directive bit, present program word 

put key word in AC 

store in LR2 

if negative word is either aof or tro 

if positive word is eithe r st o r id add to checkstam 

(temporarily used as check sum) 

put word back in AC 

store in LRl 

add to check sum and repeat 

cycle left 2 

if negative word is sof 

if positive word is tro« halt read-in 

cycle wdM left 2 to put word in the accumulator 

perf orm key words 



if id block failed give prograrmned alarm 







and tw( 


ko 


ri 


32 


kl 


ri 


32 


k2 


ri 


22 


i^3 


tn 


60 


kk 


cr 


2036 


h5 


St 


62 


ke 


tn 


35 


kl tr 73 


50 (LR 5) 


51 


(n^ 3) 


52 


cr 


2002 


53 


St 


61 


^k 


tr 


73 


55 


cr 


36 


56 


tn 


52 


57 


ha 


1 


60 


cr 


2036 


6l (LR 1) 


62 


(LR 2) 


63 


tr 


65 


6k 


sof 2000 
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65 cr 20 put word in B~Register temporarily 

66 sof 

67 ao 62 index LR2 to prepare to store next word 

70 cr 2020 put word "back in AC and clear B-Register 

71 ad 57 3:c +1 to count directive bit 

72 to 73 

73 ad 50 add check sum 
7^ to 75 

75 St 50 

76 tr kO Repeafc 

77 (LR h) 

AUTO START 

Because of the structure of the Read-in Program;, it is possible to 
attempt to store information in the plugboard o Information will be 
stored only in live registers, but each word and directive bit will be 
added to the check sumo By attempting to store a block of words in 
panel memory, we can modify the Read-in Program sufficiently to produce 
an automatic start; that is, control will be automatically transferred 
to the ra.ain program and started immediately after the last word is read 
ino 

The auto-start block attempts to store in field zero^ beginning at 
register 50^'fche follo^/ing xfords; 

50 ha 

51 tro X X is the core starting address 

52 tno 3777 -X x and 3777-x are used to keep check sum of 

these two words constant 

53 ha 0, ha 1, or ha 2 0, 1, or 2 depending on field desired 
3h op 3715 

55 ha 

56 ha 

57 ha 

60 ca 3772 

61 pf 5 

62 tr kj 

63 

Note that: ha in 50 (check sum register) 

tro X in 51 

pf 5 in 61 
and tr in 62 are the only 

words actually storedo The other words serve two functions: first, 
they aid the Read-in Program to stor e pf 5 i n 60 an d tr kl in 6I; and 
second, they assist in getting the check sum equal to sof a(a = 0, 1, 2) 

After tr 47 is stored in 62 and added to the check sum, register 50 
will contain sof a. Register 62 will be indexed automatically by the 
Read-in Program to contain tr _^o Since the last ha has a directive 
bit, the Read -in Program perfoiTiis the instructions in live registers 
one and two, as it normally does a However these instiructions now read: 
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61 pf 5 set id to not stop 

62 tr 50 

50 sof a 

51 tro X 

After the last two instructions^ the computer will continue with 
the instructions in field a^ "beginning with register Xc 
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HEWING BINARY CARDS 

Punched cards can be used as input and output to the computer 
in much the same manner as punched paper tape. MTC's punched card equip- 
ment is designed to use normal TM cards which measure approximately 
3.3 X 7 •!; inches. An IBM card has 80 columns, each of which has 12 rows 
of punch positions. The same physical card is used for two fundamentally 
different conventions: "standard** or "Hollerith" cards, and "binary" cards* 
A "standard" or "Hollerith" card is one in which the configurations of 
punches in a column represents one character in. accordance with the IBM 
card code shown on page 3-i""13 of this manual. A binary card contains 
numbers or instructions in pure binary form arranged in 12 horizontal 
rows of four words each. In this form a punch stands for a "one" and no 
punch for a "zero" . 

The MTC card machine is part of an IBM 5l3 Reproducing Punch 
modified to produce proper signals to the computer; it transmits to the 
computer only 6k columns of the card, normally columns 17-80. A card 
is read as though it contained 16-bit binary words in columns 17-80 in 
twelve rows of four words each, starting with the "9** or bottom row. The 
card reader is actuated by the MTC instructions op 1000+n and op li;00+n 
(octal ). Each operate instruction reads into the B-Register the word in 
either position 0, 1, 2, or 3 according to the value of "n" modulo k» 

The "binary card read-in program" or "binary card load program" 
written by Ray Glsen will read into the conqputer binary cards with the 
following structures 

The "9" or bottom row of the card contains the control words 
or key words. The key words are as follows s 

Key Word 1 This word is always an sof a, where "a" 

designates the field in which the data on 
the card is to be stored. 

Keyword 2 This word is alwa3rs st x, where "x" is the 

address to which the first data word, word 
"0", is to be stored. The remaining words 
will be stored in consecutive memory loca- 
tions. 

Key ¥ord 3 This word is the word coimt; that is, the 

number of data words punched on the card. 
The word count can be "any number from 1-53 
(octal). The sign bit of this word is used 
as a control bit. 

Key¥ord k This word is the check sum of the first 

three key words and all the data words on 
the card. 
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STRUCTURE OF BINARY CARD 
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row 
row 
row 
row 
row 

row 
rem 
row 
row 

row 


12 


Data Word 


ItO 


Data Word 


lA 


Data Word 


k2 


Data Word 


A 


n 



1 

2 
3 

h 

i 

1 
8 
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Data Word 


3^ 


Data Word 


37 


Data Word 


38 


Data Word 


39 \ 


Data ¥ord 


32 


Data Word 


33 


Data Word 


3h 


Data Word 


35 


Data Word 


28 


Data Word 


29 


Data Word 


30 


Data Word 


31 


Data Word 


2h 


Data Word 


25 


Data Word 


26 


Data Word 


27 


Data Word 


20 


Data Word 


21 


Data Word 


22 


Data Word 


23 


Data Word 


16 


Data Word 


17 


Data Word 


18 


Data Word 


19 


Data Word 


12 


Data Word 


13 


Data Word 


li; 


Data Word 


15 


Data Word 


8 


Data Word 


9 


Data Word 


10 


Data Word 


11 


Data Word 


k 


Data Word 


5 


Data Word 


6 


Data Word 


7 


Data Word 





Data Word 


1 


Data Word 


2 


Data Word 


3 


Key Word 


1 


Key Word 


2 


Key Word 


3 


Key Word 


k 








^ m^^^r— 




^ .- - 
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"^ 




~^/ 




■yV 


""IV 


- - -" — "V 


" 



These 16 cols, 
not read 



Cols. 17-32 



Cols •33-1*8 



Cols. h9-^k 



Cols. 65-80 
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set ®id»« to not stop 
Preset to read first 
-iford of cardo 



Read first word and set 
sof & for data words and 
for auto start© 



± 



Read second word and set 
st X for data words and 
tro X for auto starto 
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Road third word and store «, 
Add two prececding words ' 
to it to start cornpiting 
check sumo 



Road foTirth word i«0o chock 
sum and store « 



Read next word^ store c, and 
add to check sumo 



spin wheels until 
end of card 



conpare check sums 



agrees 



disa^ees - gi?B programme 
^ "' alarm 



If plTAn 



I sense control word^ 




if minus 



hxansfer control 
ho first data word 



4 



Binary Card Load Program 

00 pf ^ set id to not stop 

ca 6^ preset read-in "op" instruction 

St 61 

tr $3 read in first word 

st 26 set "sof"^ fop data words and 

St 5l for auto, start 

tr ^3 read in 2nd word 

St 27 set ««st» address 

10 ra ^2 and «^tro" 

tr 53 

st 70 read, in 3rd word and store 

ad 27 add 2 proceeding words to third word 

ad 26 for check sum 

to 16 

st 71 

tr 53 read in check sum 
20 st 72 

ca 70 extract address of control 

et 66 word for word coimt 

ad 27 add it to st f or st last »1 

st 73 

tr 53 read in data words 

(sof a) storing as reading in 
(st x) 
30 sof 1 

ad 71 add check sum to word read in 
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ko 



50 



60 



to 33 




St 71 




ca 27 




ad 67 


ao store instruction 


ra 27 


, 


su 73 


check end neg = not 


tn 25 




tr 53 


spin wheels until end 


tr 111 


of card 


ca 72 


check sT3m 


id 71 


71 contains coinputed check sum 


tr hi 


check sums agree 


sof 2001 


stop on error 


cs 70 




tn 


neg« means no control bit 


(sof a) 


set by address of first word 


(tro x) 


set hj address of second word 


rf 63 


read next word subroutine 


ca 61 


ao **'op*' 


ad 67 




St 61 




id 6k 




tr 1^3 


exit at end of card 


op 1000 + n 


read next word 


cr 20 




(tr 0) 




op 1060 


end check 
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70 



op 777 


"bp" preset 


ha 3777 


mask 


ha 1 


re 1 


(+0) 


control ■word 


(-OQ) 


computed check stua 


(40) 


read in check sum 


(+0) 


end check on storing 



The sign bit of key word 3 is used by the ""Binary Card load 
Program" to transfer control to the first data word after all the data 
words on the card have been stored© Whenever the sign bit of key word 
3 is a **one*»^ the Binary Code Load Program performs sof a tro x where a, 
are the addresses of the first two key words on the card* One'~data word 
will be stored even if a zero word count was given. Cards with a "one** 
in the sign bit of key word 3 are called control cards: Three typical 
control cards are the Start Card, Clear Memory Card, and the Binaary 
Corrector Load Card, 

Start Card 

This card contains a two-instruction program which transfers 
control to the main program© 

A© Key Words 

sof 

St 50 

1^00002 

check sum (changes with each card) 
Bo Data Words 

sof a 

tro X 

a and x are the field and address at which the program starts 

Clear Memory Card 

This card contaias a program which clears all of field two, 
all but the first hundred registers of field Gne© After clearing Mem- 
ory it transfers back to the card load program and continues reading 
cards o 
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Ao 


Key Words 




sof 1 






St 75 






1<,000 


lit 




io2i5 i;0 


Bo 


Data Words. 




75 


tr 100 




76 


cb 100 




77 


tr 




100 


ca 107 




1 


sof 1.02 




2 


cb 




3 


sof 1 




it 


ca 110 




5 


sof liOl 




6 


tr 76 




7 


OoO 1+000 




no 


OoO 3700 
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in Gog load Card 

This card contains a program which modifies the Card Load 
Program^ so that the treatment of all following cards is as follows s 

lo The first throe words in the "9*» row are read in with no 
check STinio 

2* The first two words of the card are performed as instractions, 
with the third word in the accumulator » 

3o The next card is tireated as in steps 1 and 2» 

Exangjles of correction cards to follow the Binary Correctors 

1« 1st word sof a 



23-b-8 

aid word 3t X 

3rd word et b 

The instruction et b i^ould be stored in register x of field a^. 

2» 1st word sof ^ 

2nd word ra x 

3rd word et b 

The address b would replace the addifess contained in register 
X of field £o 

3o 1st word sof a, 

2nd word tro x 

3rd word et h 

The control would be transferred to register x of field a. 
The third word has no effect in this casoo "" "~ 

Any nurabor of correction cards may be placed after the Bin 
Cor Card* However, only one correction can b© made per correction 
cardp and the last correction cfrd of a series must either contain a 
halt instruction or be of the type illustrated in exainple 3» The 
regular Binary Card load Frograni is available on a continifous loop of 
ii.-6-6 tape in auto-start form« It is therefore possible %o insert a 
Bin Cor Card and a number of correction cards in the middle of a deck, 
provided the last correction card starts with the words " sof 0^ tro IjO^ *; 
this last card will cause the regular Card load Program tQ be returned 
to storage for normal reading of subsequent data cards© 

A correction can also be made by inserting a normal card con- 
taining one or more data words anywhere ±a a deck after the erroneous 
cardo Since the technique does not require the punching of a transfer- 
or halt-type correction card, and since the Bin Cor Card has no error- 
detecting device, it is recommended that the Bin Cor Card never be used* 

The contents of the Bin Cor Load Card are as follows? 

A<» Key Words 

sof 1 

St 

le.00022 

lo^ 0702 
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Bo Data Words 





ca 21 


1 


St 60 


2 


ca 6$ 


3 


St 61 


h 


tr 53 


$ 


St 15 


6 


tr 53 


7 


St 16 


10 


tr 53 


n 


St 22 


12 


tr 53 


13 


tr 12 


. li^ 


ca 22 


1^ 


C ) 


16 


( ) 


17 


sof 1 


20 


tr 


21 


tr 11; 
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MTC Service Manual, Section 2^1- 
TEST PROGRAMS 



ao Marginal Check System Control Program 

bo Drum Check, T15 

Co Flexowriter Punch and Type Check 

do Scope Test, T5 
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MARGINAL CHECK PROGRAMS ON MAGNETIC TAPE 

OPERATING INSTRUCTIONS 

Ao Read-In 

lo Put the marginal check plugboard in the plugboard receptacle » 

2o Load any tape drive with the marginal check tape and set it to 1. 

3o Make sign bit of register 0-3^ positive^ and select the first 
program to be runo (See Program selection item #l)» 

ho Turn on the Flexowritero 

5o Start at 0-^5 o (O-O tr k^) 

The tape will be read in and stored on the drums « At the "end 
of file" record^ the tape will be rewound and the control program 
will be selected and started* 

Bo Program Selection 

lo The first bit set to a "one", counting from right to left in 
register 0-3^, determines which Test Program will be selected 
from the drum and started o Only one program can be selected 
at a timeo For example, 

A "one" in bit 15 will select MC 100 

A "one" in bit lit- will select MP 60 

A "one" in bit 13 will select t6 (Mago Tape Check) 

A complete listing is given on the following page. 

2o Start at 40o The control program will be read from drum field 
l6 and startedo It in turn will select and start a check pro- 
gramo 

3o Drum check (T15) is an exception; it can be run by setting the 
sign bit of O-^h negative, and starting at 0-k^<, 

ao The drum check T15 is stored only in core memory, and may 
destroy itself during marginal checking o Therefore, after 
the program has been read frcmi the tape, the tape is back- 
spaced, and prepared for reading agaiuo 

bo After running the drum check program it is necessary to 
read all ,the other programs in again by starting at 45 
with 0-34 positive o 
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mcmm selectioit lust 



BUS (F REGISTER 3ll 


PROffiAM 


GQMMEKrrS 


bit 1$ 


KC 100 


set ID to STOP 


Mt 3A. 


MP 60 


STippress overdClow 


Mt 13 


T6 (Mag tape check) 


0-3 Select tape iini.t 
(ha 2 or ha 3) 
to select unit 1 
first remove MD tape 

(I«20 left words (ha 77) 

0«21 right words (ha O) 

0«36 +0 






0-37 +0 


Mt. 12 


T12i CPETR Test Tape) 


Load alternate hole t£pe 
in reader© If out of 
syncj> push restart© 


bit 11 


"i^fw check 




bit 10 


Displays 


Select proper display by 

a one in a bit of register 

0«^0o 

Bit 1$ o Ziegler «s sccpe 

test 
Bit lU a 3 horizontal 

lines 
Bit 13- « 3 vertical lines 
Bit 12 « 2» diagonal lines 
Bit 11 e + and «• zero 

lines 
Bit 10 s» 3 horizontal^ 

3 vertical and 2 

diagonal lines 

together 
Bit 9 o X horizontal lim 

(max© positive) 
Bit 8=1 horizontal line 

(maaco negative) 
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FROGSIAM SELECTION LIST 



BITS CF REGISTER 3k 


HIOGRAM 


COMMRWrS 


bit 10 


Displays 


Bit 7 o 1 vertical line 
(maxo positive) 

Bit 6 ° 1 vertical line 
(max» negative) 

Bit » index the camera 
(if no other bit 
is selected the 
caanera will be 
indexed 13 times| 
if another bit is 
selected a the 
camera will be 
indexed after 
each display 
cycle)© 


bit 9 


Punch 


punch alternate holes in 
blocks of Uo 


bit 8 


Type 


alphabetic^ numerica and 
syiibolic characters© 
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MARGINAL CHECK PROGRAM SYSTEM 



Marginal checking is a means of anticipating certain types of 
computer failure] general coorments about marginal checking may be found 
on page l-m-l of this manual o Because many programs are used during 
marginal checking, ^ an attempt has been made to simplify the reading 
into the computer of these programs o A system wMch we shall call the 
Marginal Check Program System, or the MC Program System, was designed 
to incorporate all the check and test programs in one system* In 
this system inagnetic tape is used as an auxiliary memory o Operating 
instinictions for the program controlling this system will be found on 
page 2ii-a-l of this manual o 

During actual marginal checking, programs are stored on MEC's 
dnmi fields to eliminate time-consuming magnetic tape searchingo To 
control the Marginal Check Program System a master control program was 
written.. Part of the control program is stored on the magnetic tape 
and part on a plugboard o" Part of this plugboard is used to read the 
control program on magnetic tape into field 2 and starij the "read- in" 
sub-programo 

The control program is divided into several non-overlapping 
sub-programs, whose starting addresses eire given belows 

0-ifO Read the control program from drum 

field 16 (octal), and start it at 
2-0<. : 

0-^5 Read the control program from mag- 

netic tape, and start, the read-in 
section at 2-110 It O-^k is posi- 
tiveo 

2-0 Start program selection, which is 

used by the marginal check pro- 
gram system to pick up and start 
individual check programs, according 
to the contents of 0»3^» See page 
2lf-a-lo 

2»110 Read-in of magnetic tape is a con- 

tinuation of the program starting 
on the plugboard, register O-k^o 

2-3110 Write contents of field 1 dnto a 

tape, selected as unit 2^ 

2-3117 Write contents of field 2 (control 

prograij onto, atape, selected as 
unit 2| ""tnd of . file" will be 
written automatically o 

2-2000 ' Write part of field 1 onto a drum 

field 3 with word count specified 
ia 0-20 and starting address speci- 
fied in'0-21o 
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2 



n 



".team, .f ±<^ld .3 .into field io 



imit "one" write 



on unit 2 o 

i" then. w^^m>'S3^-.;hVit::'^eii%L- 
last- t¥D;:Js*a'e®sd^onto--tape''imit 2. 
It tJien.,r<ewiads:.tape' imit 1. 



The magnetic tape is -written in fHiLL field-length (20l;8 wards) 
records 3 "Which are read py the read-in part of the control program* 
Each record is read onto field 1 and then -written onto a drum field* 
Bead— in is programmed to stop on an "end of file" record* The system 
has been designed so that more than one program can be stored per recordo 
Until the system is con^jlete there -wiH not be a fixed number of records, 
but because there are only twelve drum fields, there can be at the most 
only eleven apeecsopcts of test pocv^grams. on the ts^e* 

An exception to the system -was made for the drum check program^ 
ba:3aase this program destroys all the drum fields-© It -was stored as the 
JCirst record on the tapes it is selected by starting the plugboard 
program at 0^4^$ with 0-34 negative o The remainder of the magnetic t^e 
has on it the following field-length records^ in this orders 

lo Control Program (for read-in of magnetic t^e) 

2* MC 100) 

3o W 60 

Ito Magnetic Tape Check 

$0 PEPR Test and "EF"^ Check 

6» Control Program 



The control program is the first of these records to pro-vide 
^ read-in program for the rest of the magnetic tape^ Also, to be 
accessible for changes and insertions^ it is made the last record* The 
letter control program is -written on drum field 16 (octal) by the read- 
in snb-program, and used to con-fcrol program selection* When a new 
program is -written on the tape, it is either added to the second last 
record or -written as a neif record between -the second last record and the 
contq;*ol progranio In either case, new constants must be inserted infeo^ the 
con-trol program, -sdiich is then rewritten* To select a test program? £rom 
the drtnns, the control program uses two tables, namely the Table of Drum 
Startii[ig Addresses and the Table of Drum Fields <, The first tfible occupies 
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registers 300-317 of field 2j the second table occupies registers 
iK)0-iH7 of field 2* Whenever a program is added to the marginal check 
tape, appropriate entries must be made in these tables at the next 
imused register in .each. The chart below contains current, data about 
the control program and the storage requirements of the test programs. 
From it one can determine the constants necessary when a new program is 
added to the system. 



Check Pro. 


Drum Field Table 


Dirum Sta. 


Add. Table 


Storage Req. 












(Octal Regs.) 


MC 100 


3 


1^00 





300 


IfOOO 


MP 60 


k 


ifOl 





301 


;4000 


Mag. Tape Check 


5 


it02 





302 


ifboo 


PKTR 


6 


.i|03 





303 


300 


"RF" Check 


6 


kok 


300 


30k 


300 


Displays 


6 


405 


600 


305 


500 


Punch Check 


6 


ko6 


1300 


306 


ko 


oype Check 


6 


koj 


13ifO 


307 


100 



The left-hand entry in the "Drum Field Table" is the drum 
field on which the program is foundj the left-hand entry in the "Drum 
Starting Address Table" is the starting address of the t)rbgram on the 
dimm field. The right-hand entries in both tables are the addresses of 
the registers in the control program in which the left-hand entries may 
be fou|id. 
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GEMEBATION OF A MEW MARGINAL CHECK !EAPE 



To generate a new marginal check tape, a program entitled "copy- 
tape", which is on "k-S-G tape" for convenience, is usedo The" procedure 
is as follows: 

1. The "old" file -protected tape is placed on a tape drive, 
which is then selected as unit lo 

2« - The new tape is placed on a drive, which is selected as 
unit 2« 

3. Read in "copy tape". 

ho Start at 2-2100 » 

Tape unit "one" will be copied record for record onto tape 
unit "two"o When the "end of file" record has heen read tape unit "one" 
will he rewound, and an"end of file" record will he written on tape unit 
"two" which wi3J. also he rewoundo 

Since "Copy Tape" is a part of the marginal' check program, it 
is available for use whenever the control program is in memory* 
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ADDITION OF A HIOGRAM TO THE MARGINAL CHECK TAPE 

Before a program is added to the marginal check tape, this question 
must be answereds Is there room in the second last record for the new 
program? 

It is difficult to make a new tape^, and dangerous to add to an exist- 
ing tape I therefore^ to add a program^ generate a new marginal check tape* 
The procedure is as follows § 

lo The '^old*^ file-protected tape is placed on a tape drive, which 
is then selected as unit 1© 

2o The new tape is placed on a drive, which is selected as unit 2* 

3o Read in ^add a program*^ o 

k» Start at 2=3000<, 

These steps will copy tape unit ''"one" onto tape imit two exceipt for 
the last ttjo records, U9±ng the drum for temporiury storage oThefi follow 
the procedure indicated by the manner in which the program will Tbe added© 

PaOCEDURE A ■ 

If the new progriam will fit on the second last record, write the 
old record en drum field 3^ by^ starting at 2='2d00 with the number of r»gic« 
ters filled by valuable information in 0»20 and haO in 0-21 o The haO in 
0«21 is the drum starting address of the information to be copied onto 4rum 
field 3 o Then cl^ar field 1 and read in the new program^ Put the contents 
of register 0-20 into register 0-21, put the number of registers; occupied by 
the new program into 0-20j> and start at 2-2000o Tlds stacks the two pro- 
grams on drum field 3o To read the programs back into memoryp siari at 
2-2011;o ' ' ' '^ 

Then, insert the contents of 0-21 at the next available register 
in the Table of Drum Addresses, registers 300-317 5 and insert thie' Same field 
number as that of the previous program in the next available register of the 
Drum Field Table, registers liOO-i|17o (See chart) 

Finally, write field one onto the tape by starting at 2-3110, and 
write field two onto the tape by starting at 2-311? o After field two has 
been written the ""end of file** record will be written and tha tape rewound© 

■ ■ " ' ' ■ I. ',.'.' ■ i ' ' 

HIGCEDURE B 

If there is not enough room in the record start at 2-3llP* Clear 
field 1, read in the new program and start at 2-3110© Then, store in the 
next position in the 1)rum Field Table, the address of the next cbnsecu.tiye 
drum field©. ' ' "■ ■•■-■«- •■-' 

Finally start at 2-3117«> 



